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GEORGE MILLER STERNBERG, 1838-1915 


By Howarp A. KELLY 


George M. Sternberg, Surgeon General of the United States, he returned to his studies at Hartwick, where he at the same 
Army, reorganizer of the U. 8S. Army Medical Corps and time taught mathematics, chemistry and natural philosophy. 
eminent bacteriologist, was born June 8, 1838, at Hartwick Having made up his mind to take up medicine he began his 
Seminary, Otsego County, New York. He was the eldest | preparatory studies under Dr. Hiram Lathrop of Cooperstown, 
son of the Reverend Levi Sternberg a descendant of an old N. Y. He attended his first course of lectures in 1859-60 in 
Lutheran family of the Palatinate, which had settled in Buifalo, N. Y. and later on went to the College of Physicians 
Schoharie and the Mohawk Valley—one Lambert Sternberg and Surgeons in New York City, graduating in the spring 
(we are told) having been the first to sow wheat in Schoharie of 1860. He at once settled in Elizabeth City, N. J., and 
County in 1713. His mother, Margaret Levering, whose practised there until the Civil War broke out. 
maiden name was Miller, was an excellent linguist. When In May, 1861, he entered the Federal Army as Assistant 
he was ten years old George went to live with his grandmother Surgeon and was sent to the Army of the Potomac under 
at Hartwick, where two years later his father became princi- General George Sykes. At Bull Run he was captured but 
pal of the Theological Seminary. escaped later and after sundry vicissitudes made his way to 

At thirteen he took a situation in a book store, which he Washington. He was with Sykes until August, 1862, when 
held for about a year, spending most of his spare time in he suffered from an attack of typhoid fever. After his re- 
reading fiction. At sixteen the res angusta domi of the clergy- covery, for a short time he held the position of executive of 
man’s family drove George to teaching school at $10 a month the U. 8S. General Hospital at Portsmouth Grove, R. I., a 
and board, some twelve miles from home. Later he secured a hospital of 2200 beds. 
school at $20 where he taught for two years, his salary being In November, 1862, he joined General Banks and served 
gradually increased to $100 a quarter. With money saved as Assistant to the Medical Director of the Department of the 

‘George Miller Sternberg. A Biography. By his wife, Martha L. Gulf and with the Board of Health until January, 1864. He 
Sternberg. Chicago, American Medical Association, 1920. then became Assistant Medical Director at Columbus and 
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later was put in charge of a large general hospital in Cleveland, 


Ohio, whence he was transferred to Jefferson Barracks in 


July, 1865. During the war he was brevetted Captain and 
later Major. 
In October, 
(Cooperstown, N. Y. 
From Jefferson barracks, in April, 1866, he was ordered to 


1865, he married Miss Louise Russell of 


Fort Harker. Ilere cholera broke out in a colored regiment : 
it spread to the civil population and Mrs, Sternberg died of 


1867. The sanitary conditions in and 


around were deplorable, as was noted by Sternberg’s 


the disease July 
report. 
ILis habits of close observation are already apparent in this 
early memorandum: In it he says: * There have been an un- 
usual number of flies and mosquitoes. Llouses lave been in- 
fested with a large fly which differs from the common house 
fly.” 

After being on leave from August to December, Ls67, he 
was ordered to Fort Riley as Post Surgeon and on court mar 
tial duty. Ile saw some Indian campaign service under Major 
M. HH. Kidd in 


In September, 1868, he was assigned as chief medical officer 


to Col. A. Tulley’s expedition against hostile Indians about 
the Arkansas River, with bases near Fort Dodge, Fort Haves, 
Kansas, and Camp Supply, 

In December, 1868, he joined Major General Sheridan, in 
the field depot and headquarters, on the North Canadian River 
at the junction of Beaver Creek, L. 'T.. dealing with hostile 
Cheyennes and other tribes. Here he collected crania and 
fossils, some of which were sent to Joseph Leidy of Phila- 
delphia, and others to the Army Medical Museum, 

After being relieved from Sheridan’s command March 2, 
1869, he was sent for a short while to Fort Hayes, Kansas. 
but in the same year returned to Fort Riley. Here he had 
the advantages of a good post with a fine hospital and a thriv- 
two miles away, where he could ob- 


Here Martha L. 


Pattison, daughter of Thomas Thurston Pattison of 


ing town, Junction City, 
married 
Nelson 


Scotch-Irish ancestry, a pioneer in Indiana from the Eastern 


tain photographie materials. he 


Shore of Maryland, and of Huguenot descent on the side of 
her mother, Elizabeth Grant Mauzy. At Fort Riley Sternberg 
indulged his penchant for invention and devised and perfected 
an anerometer, which, however, the patent office decided had 
been anticipated by a German. He also invented a practical 
heat regulator by which an even temperature could be main- 
tained in the wards. Some years later he received $5000 for 
this device, which in principle is still in use, 

In June, 1870, Dr. and Mrs. Sternberg arrived at Governor's 
Island, where in September an epidemic of yellow’ fever 
broke out. During this trving period he rendered faithful 
service and began his epochal studies of this disease. 
Fort Warren 


in July, 1872, he was sent to New Orleans where vellow fever 


After a short service at Fort Hamilton and 


was then prevalent. 


29-30. 


*Surg.-Gen. Office Circular No. 1, 
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In September, 1872, he was assigned for duty to Fort Bar- 
rancas, nine miles from Pensacola, where he stayed for three 
vears. Here, as everywhere they went, Dr. and Mrs, Stern- 
herg were deeply interested in the botany of their immediate 
surroundings, and spent much of their spare time studying 
and collecting plants. 

In the summer of 1873 yellow fever broke out at Barrancas 
and as the only effectual (and in view of present knowledge 
the most sensible) remedy then known was to move from the 
infected area to fresh ground, the troops were at once trans- 
ferred to a camp near old Fort Pickens across the bay, where 
Again in the summer 
These 


epidemics were made the subject of a thorough, intensive study 


they remained until the autumn frost. 


of another invasion claimed numerous victims. 
and the conclusion reached that the infection was brought by 
ship. As a result of these studies Sternberg hecame our lead- 
ing authority on yellow fever. 

In his spare time he made a study of various shell heap 
and mounds in this region and a fine collection of pottery 
was excavated and sent toa state museum. On this Sternberg 
made a report before the American Association for the Ad- 
vancement of Science at Salem, Massachusetts, in 187%. 

Another epidemic of yellow fever occurred in June, 1875, 
brought by the steamship Von Moltke from Havana, in spite 
ofa strict quarantine, At last, Sternberg himself was stricken, 
but recovered after a severe illness. This was followed by at 
rest of six months in Europe (1875-76), and promotion to the 
rank of major, to which he had been entitled since February, 

In May, 1876, he reported at Lleadquarters, Portland, Ore- 
gon, Where he utilized the opportunity to become proficient in 
French. 

A side trip to Fort Colville and the Snake River secured 
some fine fossils, forwarded to Professor Edward D. Cope 
of Philadelphia. 

In 1877 he went through the Lapwai Campaign; he was 
present at the battle in the Clearwater, and underwent many 
hardships. 

From 1878 to 1885 he was busy experimenting with com- 
mercial disinfectants, having only an improvised equipment 
at his disposal, and pursuing studies in bacteriology, laying 
sound foundations for the future in these fields in this country. 

In 1879 he reported again at Washington, and was detailed 
for duty with the Havana Yellow Fevér Commission of the 
National Board of Health. 
intensive microscopic work, with high power lenses, and in 


Ile was now able to spend time in 


making micro-photographs, 

In Cuba he became intimate with Carlos Finlay, who was 
fully convinced that vellow fever was propagated by the 
stegomyvia mosquito, Sternberg’s official instructions were 
to study to 
pathology, and to investigate endemicity, with some hesitating 


sanitary conditions, increase knowledge in 


suggestions as to any elucidation of the fundamental problem 
of the true nature of the disease. It being generally thought 
that the organism must be in the blood, Sternberg devoted his 


time to making micro-photographs and analyzing the records 
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of all patients. He made as many as 105 from 41 clear cases, 
rigging up a heliostat to illuminate a dark room. 

In 1880 he returned to Georgetown, D.C. Later in 1830 
he went to New Orleans to investigate the micro-organisms 


of the air in their possible connection with malarial fever. 
\ year before this, Klebs with Tommasi-Crudeli had an- 
nounced the discovery of a bacillus as the causative factor in 
malaria; this Sternberg proved to be incorrect. 

In 1880 while working on the malaria problem in New 
Orleans he discovered, by inoculating a rabbit with his own 
sputum, the micrococcus, which he named Micrococcus pasteurt, 
and which was subsequently demonstrated by Sternberg and 
others to be the infectious agent in croupous pneumonia. Mrs. 
Sternberg in her biography is in error in identifying this micro- 
organism with the Friedlander bacillus. Sternberg was antici- 
pated in publication by Pasteur. 

In August, 1881, he was assigned to Fort Mason: here at 
his own expense he established a laboratory for biological 
research, and demonstrated the tubercle bacillus discovered by 
Koch in 1882. His original scientific work was done after the 
completion of his round of post duties each day. 

On November 27, 1883, he wrote Surgeon General Robert 
Murray summarizing his post work, and begging for better 
surroundings and facilities for scientific investigation, —\s 
a result in April, 1884, he was transferred to the Department of 
the East, where he was appointed Attending Surgeon and Ex- 
aminer of Recruits at Baltimore, and found laboratory facili- 
ties in Newell Martin’s laboratory of The Johns Hopkins 
University. Culture bouillon and media were made for him 
by Mrs. Sternberg, who maintained throughout an active and 
intelligent interest in all his studies. 

In 1885 he went as Delegate for the United States to the 
International Sanitary Conference in Rome, where he was 
made honorary member of the Royal Academy of Medicine. 

teturning in March, 1885, he demonstrated, at The Johns 
Hopkins University, the living motile plasmodium of malaria 
discovered in 1880 by Laveran. 

In 1886 Dr. with Mrs. Sternberg went to Berlin, where they 
met Koch; on their return he received the Bausch and Lomb 
prize for his work on the practical value of disinfectants, 
begun in Walla Walla in 1878 and completed in the laboratory 
of The Johns Hopkins University, the culmination of a series 
of studies undertaken as chairman of a committee of the 
American Public Health Association. 

In May, 1887, he and Mrs, Sternberg went to South America 
to investigate certain alleged discoveries relating to yellow 
fever, that of Dr. Freire of Rio de Janeiro, and that of Dr. 
Carmona de Valle, of Mexico City. The claims of both these 
workers were shown by Sternberg to have no scientific data to 
justify them. 

On his return from this mission he again located in Balti- 
more and resumed work with William H. Welch and Wm, T. 
Councilman in the pathological laboratory of The Johns Hop- 
kins Hospital. 

In April, 1888, he asked to be sent to Havana to continue 
his vellow fever studies. In the course of these he was able 
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to prove conclusively that Gibier’s organism was not the 
cause of yellow fever. 

The summer of 1889 saw him once more at work in Llavana ; 
this time his wide bacteriologic knowledge enabled him to 
show that Carlos Finlay’s organism, .Wicrococeus tetragenus 
febris flavae was merely a common non-pathogenic tetrad 
tropic skin coccus, which often accidentally contaminated 
cultures. About this time he originated the alkaline treat- 
ment of yellow fever, 

In 1890 he published his researches on the * Etiology and 
Prevention of Yellow Fever.” 

In October, 1890, he was again assigned to San Francisco, 
where he pursued his scientific studies, worked on his Manual 
of Bacteriology and lectured on preventive medicine and 
sanitary conditions, 

In February, 1892, he returned to New York as Surgeon 
and Examiner of Recruits; it was at this time that Mrs, Stern- 
herg isolated a new protozoon in Brooklyn which was named 
after Dr. Hoagland. 

In September, 1892, during the Hamburg cholera epidemic, 
Dr. Sternberg was called as an authority into active and most 
successful codperation in the quarantine service. His “ Dis- 
infection at Quarantine Stations, Especially against Cholera,” * 
and other papers written at this time were full of practical 
interest. 

On May 30, 1893, he was made Surgeon General of the 
United States Army. This high position of responsibility 
increased his powers for service, and one act taken promptly 
and with far-reaching consequences was to put Walter Reed 
in the pathological laboratory of The Johns Hopkins Hospital 
for advanced study, preparing the way for his great work. 
At General Sternberg’s recommendation the Army Medical 
School in Washington, D. C., was established June 24, 1893, 
designed to instruct approved candidates for the Medical 
Ccrps of the army in their duties as medical officers. The 
faculty consisted of: 1. A president of the Faculty, lecturing 
on duties in war and peace ; 2. A professor of Military Surgery ; 
3. A professor of Military Hygiene (Sanitary); 4. A pro- 
fessor of Clinical and Sanitary Microscopy. 

In 1895 he was appointed physician to President Cleveland 
when in Washington, vice his regular physician Dr. Joseph 
D. Bryant of New York. As Surgeon General he made all 
possible efforts to advance the interests and standing of the 
Medical Corps, and yet, with a strange lack of foresight, our 
House of Representatives in point of fact slaughtered his 
Medical Corps by reducing its numerical strength from 125 
to 110, without making any provision for employing acting 
Assistant Surgeons. The sanitary atrocities of the troop sta- 
tions in the Spanish \merican war were due to the utter lack 
of preparation for war of “a proud country” [sie], and yet 
all the data needed for perfect sanitary administration wer 
in the hands of General Sternberg. Is it to be wondered at 
that he was unable to render them effective among the undisci- 
plined troops served often by poor and _ ill-trained. medical 


*New York Medical Journal, 1893, xvii, 57. 
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men, one of the best known of whom scorned the value of car- 
bolic acid and all antiseptics and the dangers contamination ? 
And so it happened that of the 6406 deaths among volunteers 
and regulars, 5438 were from disease, whereas only 968 fell 
before the human foe. The experiences of the Civil War were 
repeated in a far more enlightened age. 

The Spanish War afforded an added brilliant illustration 
of the fact that knowledge and good laws are insufficient unless 
backed by a healthy informed public opinion and cooperation. 
The ignorance of the doctors appears in the cases of typhoid 
fever diagnosed as malaria, dengue fever, indigestion, or not 
reported at all. “In all regiments the death rate from indi- 
gestion amounted to 15 per cent of the completed cases!” 

Two great lessons stand out from this war: (1) that a 
trained Medical Corps, suited to an army of 25,000 men in 
time of peace, is inadequate to take care of 250,000 men at 
war; (2) that physicians and surgeons taken from private 
life cannot suddenly undertake to discharge the duties ot 
trained medical officers to an army in the field. 

In 1900, it was due to Sternberg that a board of medical 
ollicers, including Dr. Rich and Professor Strong, was ap- 
pointed to go to the Philippines to study tropical diseases, 
beriberi, the dysenteries, and diseases caused by intestinal para- 
sites and malarial fevers. Here Strong found that the motile 
ameba dysenteri@ was the cause of the prevailing fatal dysen- 
teries, and isolated a bacillus in some cases, similar to Shiga’s 
(1898). 
Ashford, graduate of the army school, to be the cause of the 
anemia and dropsy so prevalent in Porto Rico, instead of 


Hookworm disease (1899) was shown by Bailey K. 


malaria, which up to that time had been held responsible. 

[In 1900 the crowning event of Sternberg’s administration 
was the discovery of the mode of spread of yellow fever by 
Walter Reed and his party, established near Havana, Cuba, 
thus proving conclusively Carlos Finlay’s hypothesis, and 
setting on foot the efficient methods for the extermination of 
the disease, so brilliantly successful in the hands of that practi- 
cal genius, Major Gorgas (later to be, in his turn, Surgeon 
General). These two pieces of work constituted the greatest 
achievement of American medicine, an accomplishment, as a 
piece of applied scientific work, equal to anything the world 
has yet seen. Like Moses, who viewed the promised land from 
Mcunt Nebo, so Sternberg had worked and sweated over this 
great subject for the best part of his busy life; it was the one 
great prize he coveted and he had held it as it were in his hand, 
when he carefully discussed and rejected Carlos Finlay’s 
theory and inoculation experiments in 1891; but to enter the 
land of promise was given not to him but to a subordinate 
working as head of the commission which he appointed. 

In 1901 a tour of inspection of four months was made 
in the Philippine Islands, by order of President McKinley, to 
determine health conditions for the army. 

On December 8, 1900, he addressed the Philosophical So- 
ciety of Washington, under the auspices of the Academy of 


Sciences, on malaria.‘ 


*Smithsonian Report for 1900. 


From May, 1893, to June 8, 1902, when he retired, his 
years were full of intensive work. 

In 1897 he became actively interested with Dr. Geo. M. 
Kober of Washington, in providing sanitary dwellings for 
people in moderate circumstances, the design being to replace 
the wretched alley homes. This was accomplished by first 
providing improved homes for the better class of wage earners, 
whose vacated houses were then occupied by those lower down. 
In this way, standard sanitary homes with individuality were 
secured at reasonable rentals, with a dividend profit of five 
per cent, 

General Sternberg also was interested in passing a law 
compelling the proper repair or removal of buildings unfit 
for dwellings. ‘These activities stimulated extensive private 
enterprises in the erection of two-story sanitary flats. 

He was a charter member of the National Association for 
the Study of Tuberculosis, and as President of the Society for 
the Prevention of Tuberculosis in the District of Columbia. 
from 1908 to 1915, he hammered continuously at the dis- 
graceful conditions tolerated in the national capital by in- 
different incompetent congressmen. An opportunity of mak- 
ing an intensive practical application of his life-long work and 
studies in the field, was afforded him in his appointment by 
President Theodore Roosevelt with a commission of 14 on a 
 President’s Homes Commission.” The result was a pioneer 
report in industrial hygiene. 

At the International Congress on Tuberculosis, in Wash- 
ington 1908, at the dinner to Robert Koch, he was dubbed 
alfectionately by Koch, the “ father of American bacteriology.” 

[In part as a result of his tuberculosis work the death rate 
in Washington from this disease was reduced from 492 per 
hundred thousand in 1900, among the colored people, to 312 
in 1917, and among the white from 188 to 93. 

He died peacefully on November 3, 1915, at the age of 77 
years, and his body rests beneath a massive block monument in 
the Arlington Cemetery. Thus passed away the greatest of 
all our Surgeon Generals up to his time, “ America’s pioneer 
bacteriologist - ( Welch), a productive scientific investigator 
of disease, an accomplished sanitary expert, an administrator 
who greatly improved the organization and opportunities ot 
the medical corps of the United States Army, a man of sterling 
character, a generous friend, a great humanitarian, whose 
greatest quality may perhaps be said to be that of unremitting 
industry and dogged perseverance in great causes, and who 
reaped rewards proportionately large. 

In conclusion, | should like to emphasize the one blessing 
in life which Dr. Sternberg himself would have accounted 
the greatest, which he himself would have written first in 
any list in golden capital letters. He had a remarkable wife, 
his survivor, in the fullest sympathy with all his aims, deeply 
interested and participating in every scientific problem which 
absorbed him, aiding him more especially in his microscopic 
work, and at the same time sharing in the pursuits which oc- 
cupied his leisure hours—music, botany and archeology. It 
is she who has given us a biography, profoundly sympathetic 
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and appreciative, yet showing a rare restraint. It recalls to 
one’s mind another wifely biography dealing with a different 
tield of endeavor, namely, that of Henrietta O. Barnett, de- 
scriptive of her husband’s life and work in Whitechapel, Lon- 


HYDROCEPHALUS IN 


don, where too the biographer seeks in vain to obliterate her 
own great personality behind that of her husband. Would 
that life held more such sympathetic intimate cooperative 
fellowships. 


CHONDRODYSTROPHY 


By Water E. Danny 


(From the Department of Surgery, The Johns Hopkins Hospital and University) 


Chondrodystrophy or achondroplasia as a clinical and patho- 
logical entity needs no brief. The combination of short arms 
ind legs, long trunk and big head at once stamps the condition 
is unique. The well-known changes, both gross and micro- 
scopic, in the epiphyses of the long bones make a pathological 
picture which is just as distinctive as that of the clinical mani- 
festations. Though the subjects of this disease have figured 
in the art of the ancient Egyptians who worshipped the gods 
Bes and Ptah, both of whom have the characteristic ¢loudro- 
lystrophic stature, and though recognized by every generation 
as a peculiar class of people with mental and physical short- 
comings, the separation of chondrodystrophy into a distinct 
type of deformity really dates from Parrot’s description of 
this malady in i878. 

Prior thereto, Virchow (1856) had accurately described 
the disproportion in the size of the head and length of the 
arms, legs and trunk in dead fcetuses. and regarded the dis- 
ease as congenital myxeedema. Miiller (1860) accurately 
described the principal deformities and considered them mani- 
festations of cretinism. Winkler (1871) felt himself forced 
to differentiate the condition from true rickets and called it 
“rachitis micromelica.” DePaul (1877-78) insisted that it 
was not the same as rickets. The gradual tendency to look 
upon the disease as distinctive reached its climax with Parrot’s 
contribution. 
logical entity but particularly identified the characteristic phe- 


Ile completely separated the disease as a patho- 


nomena in the living, even in adults, and gave the clinical 
syndrome the name “ achondroplasia,” by which it has since 
been known. Additional evidence by Porak (1891) and Marie 
(1900) firmly established chondrodystrophy as a distinct 
‘linical entity. It is now generally recognized that this condi- 
tion has no clinical or pathological resemblance to rickets, cre- 
tinism, micromelia, osteogenesis imperfecta or other diseases 
with which it had so long been confused, though quite a few 
writers, probably from inexperience, still fail to distinguish 
rickets from achondroplasia. 

Historical, histological, pathological and clinical treatises on 
chondrodystrophy have been so numerous and so thorough that 
wdditional repetitions are not necessary. The reader is referred 
to the admirable papers by Jansen, Kaufmann, and Siegert for 
the bibliography, the theories of the causation of the disease, the 
numerous clinical characteristics and its gross and microscopic 
pathology. 

The purpose of this paper is to present evidence hearing 
upon the cause of the enlarged head in chondrodystropky. As 


noted above, the big head is one of the cardinal features of this 
disease. ‘The explanations have been many, but proof in terms 
of necropsy material has been almost entirely lacking. Ex- 
uminations of the skulls of persons afflicted with achondro- 
plasia have been numerous and the descriptions very minute. 
A frequent observation in this material is a tribasal synostosis, 
as a result of which the base of the skull is frequently fore- 
shortened, producing brachycephaly with a receding bridge 
of the nose. Doubtless this observation is true, but it offers 
no explanation for the increased size of the head. The pre- 
vailing teaching is that the size of the head is only relative and 
is set off by the reduced stature of the individual; but this 
explanation is far from satisfactory. In many instances this 
view may be passed over without more than silent skepticism 
but usually the lwad is far too large to conform to any relative 
standard ; there is an absolute enlargement. 

It is difficult to imagine an absolute increase in the size 
of the cranium except as a result of pressure exerted by the 
intracranial contents: any increased pressure must be due to 
some abnormal intracranial condition. The cause could easily 
be explained by means of post-mortem examinations of the 
brain but these are singularly lacking. This is only natural, 
for the achondroplasia is essentially a lesion of the bones and 
the changes in the skull would hardly have been considered of 
different causation than those of the long bones. 

In the volume of the “ Treasury of Human Inheritance 
by Rischbieth and Barrington, devoted to dwarfism, achondro- 
A number of photographs of 
One showing a group of 


plasia is considered at length. 
victims of this disease are shown. 
dwarfs (Fig. 60) is particularly striking, because of the em- 
phasis on the size of the head in the legend beneath, which 
reads as follows: “ Large group of ateliotic cases and four 
The latter may be recognized by 
their large heads and adult faces.” But no explanation of 
the enlarged head. is offered. The head of an ateliotic dwarf is 
in proportion.to the rest of the body; the head of an achondro- 


cases of achondroplasia. 


plastic dwarf is disproportionately large. 

Virchow first called attention to the shortening of the base 
of the skull although, of course, he did not conceive of achon- 
droplasia as a distinct disease, regarding it as akin to feetal 
rickets or cretinism. ‘Though he explained the shortening by 
a premature union of the tribasal bones, whence the name 
“ tribasal synostosis,” the real cause was found by Kaufmann 
and substantiated by Jansen and others to be a lack of develop- 
ment of the bones at the base of the skull, as of the other bones 
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of the body. In a series of 13 cases, Kaufmann found, with- 
out exception, this shortening of the base of the skull. Parhon, 
Shunda and Zalplachta called attention to the increased 
breadth of the skull in a number of cases taken from the litera- 
ture. Taking the normal breadth of the skull to be 80 per 
cent of the length, they found the brachycephalic index to 
be 81, 83, 87, 88, 94, and 100 in the series. They also noted 
an increased circumference of the head and made the im- 
portant observation that the intellect is inversely proportional 
to the circumference of the head. Porak and Durante, also, 
noted that the head is often enlarged in chondrodystrophy. 
Jansen makes mention of hydrocephalus in achondroplasia, 
saying, “the fact of the abnormally great circumference in 
other achondroplasts and in two cases of hydrocephalus among 
our five cases can be no mere accident.” This is the most 
impressive statement and, supported by the best evidence of 
the existence of hydrocephalus that has come to my attention. 
In explanation of the hydrocephalus, he made the advanced 
hypothesis that the aqueduct of Sylvius or another part of the 
ventricular system was probably compressed and consequently 
the outflow of fluid was impeded. He mentioned, also, the 
possibility of vascular disturbances causing an increase of 
Huid by distortion of the vessels, 

In an exhaustive treatise on hydrocephalus by D’ Astros, 
there is a most interesting chapter on “* Rachitisme céphalique,” 
in which he concludes that an indisputable relationship exists 
between rickets and hydrocephalus. Bourneville supported 
the views of D’ Astros and considered at least half of all hydro- 
cephalic children to have rickety deformities of the thorax 
and vertebral column and assumed that rickets played some 
part in the production of the hydrocephalus. D’ Astros admits 
the view that, in the great majority of cases of rickets, the 
cranial chamber is not larger than normal but he still thinks 
there is an increase in the amount of cerebrospinal fluid. He 
mentions the description of hydrocephalus in rickets by Glisson 
in 1651. Unfortunately, these authors had not differentiated 
rickets from achondroplasia, D’ Astros shows a photograph ol 
a typical case of chondrodystrophy with hydrocephalus: this 
photograph, which is given for a case of rickets, is reproduced 
here (Fig. 0). Undoubtedly, the incidence of hydrocephalus 
in chondrodystrophy would be much greater were the cases o| 
ordinary rickets excluded, and it is evident why the arguments 
of these authors were unavailing in the absence of absolute 
proof from examinations of the brain. Many authors (Cestan, 
Swaboda, Kassowitz, Bavlord, Lecourtois, Regnault, Marfan, 
Durante) claim that the large head is not Lydrocephalic, that 
it is the bones that are hypertrophied, and that the size of the 
intracranial chamber is not increased. [t should be mentioned 
here that there has never been any proof that an actual increase 
in the thickness of the bones of the skull exists. 

The only record of a necropsy of the brain which | have 
found in the literature was by MacCallum. Tle remarked in 


the course of a thorough necropsy report "On section, the 


cerebral ventricles were found markedly dilated with clear 
Huid 


planation olfered. The patient Was Vvears old. 


No cause of the hydrocephalus was found and no ex- 
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Recently, a boy of 19, with all the typical features of chon- 
drodystrophy, entered the surgical service of The Johns Hop- 
kins Hospital for the correction of bow-legs. The very larg: 
head was the most striking feature of the patient. It was out 
of all proportion to the rest of his dwarfed body and even 
when his body was concealed, the size of the head was scarcely 
less impressive, Moreover, his intelligence was far below 
normal, 

My interest in chondrodystrophy was stimulated by thi- 
seeming paradox—a cranium larger than normal, but a de- 
fective mentality—paradoxical only in the light of the usual 
explanations offered. Were the brain of normal size or by 
some impossible chance hypertrophied so as to fill the in 
creased cranial chamber, why should the function of the min 
be reduced? There must be some simple relationship betwee1 
the size of the head and the mental deficiency. There is only 
one condition which could, at the same time, cause the head 
to enlarge and reduce the mental capacity and that is one of 
the most common of intracranial atfections—hydrocephalus. 

The patient's mentality is little greater than that of a hoy 
of six or seven. His large head, short arms and legs, and 
relatively long trunk are shown in the accompanying photo- 
graphs. He is the third child, the other two being normal. 
Although the libor was very difficult, and the head unusually 
large, instruments were not used. The mother, who is very 
intelligent and observing, volunteered the information that 
for a long time after birth the head was soft and had not the 
resistance of a normal baby’s head; it was heavy and not until 
the patient was two vears old could the head be held up. The 
anterior fontanelle was open until the fourth or fifth year. 
Kight vears ago, (the patient was then 11 years old), he wore 
a 7S size hat. The head grew somewhat after that, but for 
several years there has been no growth. It is impossible to get 
hats to fit him: his mother makes his caps of stocking material. 
He learned to walk between the third and fourth year. He 
never crawled, but learned to move himself by rolling. He was 
three years old before he could talk but his speech was pet 
fectly distinct and not abnormal. During the first three years. 
the patient was delicate, very restless and irritable and whine: 
a great deal. Noises disturbed him and music made him un 
happy. Teething began at the sixth month and continued at 
the normal rate. 

His memory is good in some ways. He carries out errand: 
perfectly well. Tle can tell the ages of all the members of th: 
family and remembers telephone numbers very well, even thos 
that are used only occasionally, Ile was a good speller and ¢ 
wood reader in school, but was poor in penmanship, geography. 
history, and mathematics. He can add, subtract, multiply. 
and divide very well but cannot grasp anything more compli- 
cated. Tle was in the sixth grade at school when he stopped. 
at the age of 18, but his mother thinks he had been pushed 
along a little faster than he should have been and was hardly 
capable of carrying work so advanced He plays with bov- 
hut gets along better with the older ones. He is quite sensitiv: 
about his stature and does not like to be teased. On the whole. 
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his disposition is very good. He is usually kind and agreeable, 
only oceasionally showing evidences of temper. 

Before the child was a year old, the family doctor told the 
mother that he had water on the brain. It was not noticed that 
his arms and legs were shorter than they should have been un- 
til he was 14 or 15 years of age. His growth has always been 
stunted but the mother thought * the condition of his head 
kept him small.” Until three or four years of age, the patient 
was troubled with enuresis, only at night, but the mother says 
that one of her other children has had this trouble just as 
badly. He is subject to transitory attacks of unconsciousness, 
though without convulsions. At present, he delivers packages 
and is quite reliable. 

The examination reveals a dwarf, 130 cm. in height, with 
the proportions as evident in the photograph, The circumfer- 
ence of the head is 65 cm. as contrasted with the normal of 
Stem. for his age. His epiphyses show delayed development, 
having the appearance in the roentgenogram of those of a boy 
of 14 (Dr. Baetjer). There is a bilateral genu valgum. The 
hand is the characteristic main en trident. The elbows cannot 
be extended beyond an angle of 160°. The Wassermann reaction 
of the blood is negative, nor is there any history of syphilis 
in the family. The genitalia are normal. No history indi- 
cating sexual precocity was elicited. 


KVIDENCE OF IlYDROCEPHALUS BY VENTRICULOGRAPILY 

The determination of hydrocephalus and of its degree can 
be determined just as accurately by ventriculography as by a 
post-mortem examination of the brain. Through a ventricular 
puncture in the right occipital region, 350 c.c¢. of fluid were 
removed from the right lateral ventricle and an equal quantity 
of air was injected. Doubtless, 100 to 200 c.c¢. of fluid, or 
even more, could easily have been obtained, had I attempted 
to empty the ventricles completely, but, as it was only de- 
sirable to get a picture of one ventricle in profile and a view 
of both ventricles in cross-section, the removal of all the ven- 
tricular fluid was unnecessary. 

It will be seen from the ventriculogram that the greater 
part of the intracranial chamber is filled with air. The picture 
of the enlarged ventricles is pathognomonic of hydrocephalus. 
But the ventriculogram shows a great deal more. It shows 
that the hydrocephalus is no longer Progressive : if has heen 
arrested. This conclusion is reached because the air, which 
has been injected into the ventricle, has reached the farther- 
most radicles of the subarachnoid Spaice the cerebral sulci, 
which are shown as numerous wavy lines criss-crossing the 
roentgenogram. In other words, the air has had a free passage- 
Wa from the lateral ventricle, through the third ventricle, 
the aqueduct of Sylvius, the fourth ventricle, and foramina 
of Luschka and Magendie into the cisterna magna and the 
other cisterne under the brain, and it has finally passed along 
the numerous primary branches and reached the cerebral 
sulci. It is here.that cerebrospinal fluid is absorbed. — If 
fluid (or air), reaches all or even many of the cerebral sulci 
from the ventricular system, it is proof that hydrocephalus 
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cannot develop and, if the ventricles are already large, that 
the disease cannot be progressive, In those cases of hydro- 
cephalus in which we have relieved an intraventricular obstruc- 
tion, whether from a tumor or an inflammatory process, the 
patency of the newly constructed opening can be demonstrated 
by the passage of air through it. 

Further evidence that the subarachnoid space is yielding 
adequate absorption of cerebrospinal fluid in this case was 
shown by the quantitative absorption of phenolsulphonephtha- 
lein after its injection into the spinal canal. An absorption 
of 30 per cent was obtained during the first two hours following 
the injection. This is rather low but within the limits of nor- 
mal. Furthermore, the colored fluid introduced into the 
spinal canal was later freely obtained from a lateral ventricle, 
thereby demonstrating the patency of the foramina of Luschka 
and Magendie, the aqueduct of Sylvius and the foramen of 
Monro. It should be noted that no convolutional atrophy of 
the skull or separation of the sutures is evident in the roent 


venogram. 


CAUSE AND SPONTANEOUS CURE OF THE HYDROCEPHALUS 

From the accurate history given by the mother—the large 
head causing difficult labor at birth (the mother was a multi- 
para and the child presented by the head), the large fontanelle 
with delayed closure (3rd to 4th year), the delay in holding 
up the head and in beginning to walk—there is unmistakable 
evidence that the hydrocephalus was present at birth and was 
progressive during the early vears of life. Apparently, it 
increased until the 12th or 15th vear, the time at which the 
mother noticed that his head ceased to grow. During all these 
vears, however, the accumulation of fluid must have been very 
slow, for had it been otherwise, the head would have assumed 
tremendous proportions. 

In achondroplasia, we are confronted with an unusual typ 
of hydrocephalus. Ordinarily, hydrocephalus is a progressive 
disease which is only occasionally cured spontaneously. But, 
apparently, in all the cases of achondroplasia in which the 
patients live past childhood —and many of them do—the hydro 
cephalus is arrested but a big head and a defective brain are 
usually the result. This statement is not intended to imply that 
necessarily every case with a large head has a defective men 
tality, for a considerable destruction of the cerebral tissue may 
and does take place with little or ne apparent mental changes. 
In fact, oceasionally we see examples of a brilliant mind and, 
at times, even evidences of a kind of mental precocity in un 
doubted instances of hydrocephalus in achondroplasia, or in 
the other rarer instances of hydrocephalus in which a cure ha- 
resulted: but such instances are certainly rare. How, then. 
can we explain such an unusual type of hydrocephalus, 0c 
curring so constantly in achondroplasia and tending toward ; 
spontaneous cure? From a survey of the cases in the litera 
ture, | believe there is a definite relationship between the 
size of the head and the intensity of the other bony changes 
in achondroplasia. It is generally conceded that in the most 
severe grades, and they comprise the greater number, the 
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children die in utero or at birth. In these severe grades, the 
extremities may be small nubbins on a long trunk and the 
head will usually be large, though even a high grade of hydro- 
cephalus at birth is not always accompanied even by a striking 
enlargement of the head. 

‘T'wo inferences are possible—if such a relationship can be 
proved to exist, either the hydrocephalus causes the changes in 
the bones, or the changes in the bones cause the hydrocephalus. 
It is not conceivable that injury of the brain could be re- 
sponsible for the bony changes, for in hydrocephalus of other 
types, of all grades, and beginning either in the prenatal period 
or after birth, there are no such tendencies toward dwarfism 
or to the production of micromelia. In some way, it would 
therefore seem that the hydrocephalus is probably secondary 
to the bony changes of achondroplasia. The primary changes 
in the bones of the skull have been recognized since the find- 
ings of Virchow, though, as mentioned above, the explanation 
of the findings has been materially altered. A distinet shorten- 
ing of the base of the skull is probably present: it is doubt- 
less due to osteogenetic deticiency, and is exactly comparable 
in its origin to the bony changes which result in the shortening 
of the humerus, femur and other long bones (the membranous 
hones apparently being exempt). That this relationship exists. 
1 do not doubt, but its explanation lacks the evidence of clini- 
cal studies of cases and necropsies. It is conceivable that 
such a shortening of the base of the skull may compromise 
the growing brain as to volume, but more vitally as to position. 
\ certain degree of kinking or bending of the brain-stem 
should follow, and it is possible or even probable that thereby 
the lumen of the aqueduct would be reduced, producing a 
partial occlusion. It is also possible that the shortening of 
the base of the skull may similarly obstruct the cistern under 
the pons and midbrain, and as the cisterme form the trunk 
of the tree of the subarachnoid spaces, an occlusion would 
produce results exactly comparable to those resulting from oc- 
clusion of the aqueduct of Sylvius. [f either the aqueduct o1 
Sylvius or the cisterne are affected in this manner, a partial 
obstruction might result. In the most advanced erades, the 
obstruction might well be complete. Such an ccclusion, either 
partial or complete, would inevitably cause hydrocephalus by 
preventing the cerebrospinal fluid from reaching, in adequate 
quantity, the cerebral sulci, where all the absorption of cerebro- 
spinal fluid is effected. As the size of the skull, particularly of 
the base, increases, it is conceivable that these occlusions may 
gradually be automatically corrected. The intracranial pres- 
sure resulting from the increased amount of fluid could play 
such a réle in correcting the hydrocephalus by stretching the 
membranous bones of the vault and possibly even those of 
the base of the skull. 

Such an explanation is entirely hypothetical, It is net con- 
ceivable that any of the usual obstructions at the aqueduct of 
Sylvius, either tumors or cicatricial stenoses, could explain the 
hydrocephalus, because these pathological changes are almost 
universally progressive and corrections could scarcely result 
Nor, for the same reason, could the usual in- 


spontaneously. 
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flammatory changes in the cisterne or at the foramina of 
Luschka and Magendie produce this type of hydrocephalus. 

A second patient (Fig. 4) is also a typical achondroplastic 
dwarf with an abnormally large head which, undoubtedly, is 
due to hydrocephalus. It will be noted, however, that the 
head is not brachycephalic ; it might be even classified as doli- 
chocephalic, though the lateral enlargement is almost as con- 
spicuous as the antero-posterior. As a matter of fact, there 
is no apparent shortening of the antero-posterior diameter 
of the head in the first case. 

The history of the second patient is of little value because 
of the mother’s lack of observation. She does not know, even 
approximately, when the anterior fontanelle closed, when the 
patient learned to hold up his head, to walk or to talk. She 
has two children, but had not observed anything wrong with 
this hoy, although the neighbors frequently called attention 
to his large head. He seemed perfectly well and strong after 
birth, which followed a dry labor. There is an added compli- 
cation, the importance of which it is difficult to estimate. 
When three years old, the patient had a severe attack of menin- 
gitis, with characteristic opisthotonos, cervical rigidity, vom- 
iting, ete. It is well recognized how frequently hydrocephalus 
follows meningitis, but the mother is confident that the baby’s 
head was large before this illness, and that there was a quick 
and apparently complete recovery from meningitis. His 
mother brought him to the hospital because of stunted growth, 
he not having grown perceptibly in the past two years. He 
is 102 em. high, contrasted with the normal of 117.4 em. for 
his age. His head measures 62 cm., the normal for seven years 
heing 51 cm. During the past year, he has been under fre- 
quent observation at the hospital and during this time his head 
has grown 3.5 em. THe is now a bright bov: he stands well in 
his classes at school, ranking tenth in a class of 45 children. 
He complains of no headaches; but his mother and the teacher 
at school have had great difficulty in getting him to hold up his 
head. Whenever possible, he lies down, or when sitting, finds 
some object upon which to rest his head. The roentgenogram 
shows a definite increase in the intracranial pressure, evidenced 
by a mild grade of convolutional atrophy of the skull and by a 
slight separation of the cranial sutures. A cracked-pot sound 
is clearly demonstrable. In the preceding case, this atrophy 
of the skull is absent because the growth of the hydrocephalus 
has been arrested for some time. In this case, we have no 
absolute proof of the existence of hydrocephalus, which is 
demonstrated in the other case, though there can be no reason- 
able doubt, from the facts just enumerated, that it must be 
present. 


TREATMENT OF THE HypROCEPHALUS 

Naturally, the most serious aspect of chondrodystrophy is 
the mental impairment caused by the hydrocephalus. Can this 
he remedied in any way? Since the introduction of the newer 
methods by which the diagnosis and localization of intra- 
cranial lesions are made possible, cures of hydrocephalus are 
now frequently obtained by correction of the cause. I am con- 
fident that a careful study of each case of hydrocephalus in 
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Fic. 3.—Enlarged front view of same patient. 


Fig. 5.—Profile view of 
same child. 


Fig. 1.—This boy of 19 years 
is the victim of achondroplasia. 
[ His head is large, not only rela- 
tively but absolutely. This in- 
creased volume of the head is due 
to hydrocephalus. The history of 
the patient is given in the text. 
rhe ventriculogram showing the 
degree of hydrocephalus is shown 
in Fig. 9 The intelligence o1 
this boy is greatly reduced. 


A. 


Fig, X. — Rachitisme céphalique. 


—Ar..., 12 ans (obs. VI). Cet 
, enfant a la taille d'un enfant de 
Fig. 4.—Another boy of sept ans. Cette petite taille qui 
eight vears with typical contraste avee Je volume exagéré 
i } irc lasis His 1 a d i de la téte est due surtout au rach- 
itisme des membres inférieurs. 
relatively larger than that of 
i the preceding patient. His Fig. 6.—This photograph 
intelligence is still normal but and legend are copied from 
the head is increasing in size. D’Astros hook in which he 
A ventriculogram was not ob- considers a form of cephalic 
tained. but the existence of rickets, : rhe picture is that 
hydrocephalus can scarcely be of a typical achondroplasiac 
lig. 2.—Enlarged profile view of head of doubted, especially after see- with the characteristic large 
the same achondroplastic boy to show ing the ventriculogram of the head, short arms and legs 
shape of head. preceding case, and long trunk. 
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Fic. 7.—Ventriculogr of a normal lateral ventricle, lateral view. 


Fic. 9.—Ventriculogram (profile view) of the lateral ventricle of the patient 
shown in Fig. 1. The air has not filled the entire ventricle but the tremendous en- 
largement of the ventricle is strikingly demonstrated. The thickness of the cere- 
bral cortex is of course correspondingly reduced. 


PLATE 


Fig. 8.—Antero-posterior ventriculogram of normal ventricles. 


Fic. 10.—Antero-posterior ventriculogram of the same case of achon- 


droplasia (Fig. 9). 
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achondroplasia by these methods will accurately define and 
locate the cause of hydrocephalus and thereby indicate a ra- 
tional form of operative treatment which may stop the disease 
and prevent the cerebral destruction with its resulting mental 
impairment. Un- 
doubtedly, the hydrocephalus is still progressing; a growth of 
The 
separation of the sutures and the convolutional atrophy of the 
At present, his mind is not 


The second case is an example in point. 
the head of 3.5 cm. in a year is sullicient indication. 


skull make this almost certain. 
noticeably impaired, but, in time, mental impairment is in- 
evitable unless the progress of the hydrocephalus soon ceases. 
In order to locate the site of the cause of his hydrocephalus, 
he should be tested by intraventricular and intraspinous injec- 
tions of air, and by the phenolsulphonephthalein intraspinous 
test, to determine the quantitative absorption from the suba- 
rachnoid space and also the presence or absence of organic 
obstructions in the ventricular system. Since it is now possible 
to detect with such accuracy where an obstructive lesion lies, 
to tell whether an occlusion is partial or complete, and to 
determine whether and to what degree the subarachnoid space 
is absorbing cerebrospinal fluid, we should not permit the 
destructive sequele of hydrocephalus to develop until every 
possi bility of cure has been eliminated. After the cause of 
the hydrocephalus has been determined, it is hoped the cure 
of the disease may be possible and in the earlier stages, instead 
of awaiting the usual spontaneous correction at which time 
the mentality is usually irreparably impaired, 


CONCLUSIONS 


1. The large head in our cases of chondrodystrophy has been 
The 


large heads of other recorded cases presumably have a similar 


shown by ventriculography to be due to hydrocephalus. 


cause. 

2. Hydrocephalus in achondroplasia differs from other types 
of hydrocephalus in that its development tends to cease spon- 
taneously. In some instances, at least in the two cases here 
reported, it progressed very slowly and for a long period 
before arrest eventually took place. 

3. When untreated, a defective brain, it would seem, in- 
evitably results. 

t. We have had no opportunity to observe the progression 
of hydrocephalus, but it may be possible, by the newer methods 
of intracranial study, to ascertain the cause and possibly avert 
the disastrous sequele, 

5. The size of the head and, therefore, the grade of hydro- 
cephalus seems to be proportionate to the severity of the dwarf 


phenomena in chondrodystrophy. 
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THE MECHANISM OF THE CARRIER STATE, WITH SPECIAL REF- 
ERENCE TO CARRIERS OF FRIEDLANDER’S BACILLUS 


By Li. 


BLOOMELELD 


(From the Biological Division of the Medical Clinie, The Johus Hophins and Hospital 


During the course of experiments on the fate of bacteria 
introduced into the upper air passages, we became interested 


n the question of the mouth as an environment for bacterial 


srowth. The rapid disappearance of foreign organisms after 
experimental introduction suggested that the free surfaces of 
the buccal mucous membranes, when were unfavorable 
for the colonization and growth of extraneous bactertas As a 
corollary of this conclusion the question arose whether in 
the so-called carrier state the organisms are confined solely 
to some acute or chromic focus of diseased tissue whence ther 
are discharged to the free surfaces of the mouth and throat, 
or whether the organisms actually live on and grow dilTusely 
over these surfaces. 

We have found no experimental evidence om this 
point, but clinical ebservations suggest the great importance 
of a focus of infection in the mechanism of the carrier state. 
\ brief review of these facts may be presented before detatling 


our experimental observations. 


CLINICAL OBSERVATIONS ON THE LOCALIZVTION OF 


IN CHRONTOC CARRIERS 


In the present discussion we shall consider only so-called 
chronic carriers. By this term we mean individuals who har 
hor, more or less constantly, in the upper air passages. some 
pathogenic organism, either following disease, or without sun 


history of previous disease due to the organism in question, 
\ few of the main types of such carriers may be mentioned te 
iNustrate the principles involved, 

|. Diphtheria Carriers.—Vhe persistence of positive cultures 
in many instances following diphtherta ts a matter of common 
experience. Often the organisms are present for indefinitely 
long periods—months or even vears. In such cases they not 
uncommonly disappear following tonsillectomy, when all othe: 
measures had previously been unavailing. The fact that cul- 
tures made from the depths of the crypts or from beneath the 
capsule of the excised tonsils show numerous diphtheria bacilli 
suggests that these glands were the breeding place of the 
organisms, and that they were not growing and multiplying 
on the free surfaces of the normal mucous membranes. 

2. Stre plococcus Carriers.—The presence of virulent hemo- 


lytic streptococer im the throats of healthy people has heen fre- 


quently noted, especially at times when streptococcus infec- 
tions are prevalent. Although the organisms may occasionally 
he obtained from the throat or nose, it is found in general that 
a much higher percentage of positive vields results if cultures 
are made from tonsil erypts. ‘Thus, Pilot and Davis* found 
B hemolytic streptococe! in almost 100 per cent of excised 
tonsils. Furthermore, it appears that in streptococcus car- 
riers tonsillectomy is often followed by the disappearance of 
the organisms from the throat (Tongs, Van Dyke*). These 
observations suggest that here again the tonsil often is the 
breeding place of the streptococcus whence it is discharged to 
the free surface of the threat without actually colonizing 
there. 

3. Menimgococcus Caorriers.— a variable number of nor- 
inal individuals meningococe: are found on repeated cultures. 
Studies such as those of Ierrold® show that a much larger 
percentage of positive cultures can be obtained from the naso- 
pharvnx than from the tonsils, nares, or sputum.  Further- 
more, the application of disinfectants directly to the naso- 
pharvnx seems to lead to the clearing up of carriers more 
promptly than treatment of other parts of the upper. air- 

Ih summary, then, the weight of clinical evidence im the 
case of carriers of important pathogens tends to show that the 
organisms actually colonize ina focus of diseased tissue in 
the upper air-passages whence they are discharged to the free 
surfaces. [It seems probable that bacteria do not actually 
localize and grow upon the latter, but that they are constantly 
washed away only to be replaced by other organisms freshly 
ilischarged from the focus. We have been unable, however, 
to find any actual experimental proof or disproof of this idea. 

In the course of some studies of Friedlinder bacillus carriers, 
methods by which this point might be demonstrated suggested 
themselves, and the present paper deals with these observations. 
They are based mainly on an intensive study of three carriers 


whose histories are appended in some detail. 


Cask L—G., aged 50, colored, male. 

Diagnosis.—Syphilis, aneurism of aortic arch, aortic insufficiency, 
myocardial insutliciency, 

History.—No history of severe colds, of sinus infection, tonsillitis, 


cough or pneumonia, 
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Exvamination.—Nose, negative except for racial hypertrophy of 
irbinates. Tonsils, moderately enlarged and injected. Pharynx, 


evative. Larynx, negative. Ears, negative. 


Case IT.—W. J., aged 31, male, colored. 

Diagnosis.—Acute nephritis. 

History.—Frequent colds but no sere throats or tonsillitis. No 
meumonia. No cold * this year.” 

Lvamination.—Nose, anterior ends of middle turbinates look nor 
nal. There is no discharge. Tonsils, embedded. There are numer 
us plugged crypts on each side. Pharynx, negative. Naso-pharynx, 
‘ moderate amount of adenoid tissue is seen. Ears, drums intact. 
o retraction. Sinuses, clear on transillumination. 


Case LII—J. H. Hosp. Med. No. 42,846, white, aged 34. 

Diaqnosis.—Chronie rheumatic endocarditis, aortic and mitral in- 
~utliciency. 

History.—No history of severe colds, sore throats, sinus infections, 
r pneumonia. 

septum deflected to right causing partial 
asal obstruction. Small amount of discharge on both sides. Phar 
nx, clear. Ears, marked grade of retraction of drums on both sides. 
onsils, moderately enlarged and adherent. Naso-pharynx, polypoil 
nferior turbinate posteriorly on right. Eustachian orifices clear. 


No discharge from posterior sinus orifices. 


Incidence of Friedlinder Bacillus Carriers. —Fighty-live un- 
~eleeted individuals were examined. The Friedlander bacillus 
vas isolated from the throats of five—a percentage of 5.5. 

Persistence of Friedlinder Bacilli in Carriers —In every 
ustance the carrier state persisted during the entire period 
tf observation (Table 1). We have no idea of its previous or 


-ubsequent history. 


rABLE Il-—PERSISTENCE OF FRIEDLANDER’S BACILLUS 
IN CARRIERS 


— Period ot Number of Number Number 
| observation cultures positive negative 
| 
— 
} 42 days. 16 It Positive. 
| 
J 36 days. 12 12 0 Positive. 
W. | Four months. 15 13 2 Positive. 
H 4 Positive. 


H. |} Three months. 16 l4 2 


Spread of Kriedlinder Bacilli from Carrier to Contacts. 
lt seemed of interest to determine whether there was any 
rendency for contacts to acquire the organisms from the car- 
iers and possibly to develop a carrier state themselves. Pati- 
nt W. was in the ward for several months. During this 
eriod 285 throat cultures were made on 31 other patients in 
more or less close contact with him. In no instance was 
riedlinder’s bacillus recovered. Subsequently more careful 
ontact observations were made on two other patients. The 
urrier and the contact were placed in adjacent beds. No 
ittempt at isolation was made and they used the same hed-table 
ind to some extent the same utensils. Cultures were made 
laily from the throats of contact and carrier (See Table I1). 
\t no time were Friedlinder bacilli recovered from the con- 
tacts in spite of their persistance in the carrier. These ob- 
~ervations agree with our experiments on the rapid disappear- | 
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ance of these organisms when experimentally introduced into 
the mouth in large numbers and afford an interesting contrast 
to the rapid spread of an organism which is producing disease 


TABLE If.—SUMMARY OF CULTURES FROM FRIEDLANDER 
BACILLUS CARRIERS AND FROM CONTACTS 


Red | Bed 2 Bed 3 
Carrier G Carrier J Contact T 
Feb. 17. March 20 March 20 
Culture on March 23. + + 0 
+ + 0 
25. + 1. 0 
+- + v 
ad 30. } +- 0 
Contact T 
March 30 
31. + 0 
April 1 0 
“ 4 0 
+ 0 
Contact W 
April 6 
ie 
S + 0 
0 
12. 0 
Carrier J Contact ¢ 
\prill April 5 
0 
4. 0 
+ 
1. 
10. + 0 
i. 0 
0 


such as oceurs, for example, in epidemics of streptococ us 
infection. 
Stle of Localivation of the Friedlander Bacili in Carriers. 


Cultures were made from various parts of the upper air-pas- 
LIL-—-RESULTS OF CULTURES MADE FROM VARIOUS 


PARTS OF THE UPPER AIR PASSAGES IN FRIED 
LANDER BACILLUS CARRIERS 


G. Meh.27.;| No F. No F. cols, F. 
No F. No F. F. 
Apr. 4. (2eols.F. No F. F. - 
* 3.* No F, 1 eol. F. F. — 
No F, NoF. - lWeols.F No NoF. 
8.* No FF... No F, oF, NoF, No F. 
J. Meh. 27. No F. F. x F. - - 
“« No F. i No F. o F. - . 
31.’ Xo F. No F., ; F. - -- 
Apr. No F, No F. 3 cols. F. cols. F. 4 cols. F. 
« 9.% No F. | No F, nF. ti cols. F.22 cols. F. 


5eols.F. No F. 2F. NoF. tcols. 


* Throat thoroughly gargled with water before cultures were made, 


sages to determine the relative number of organisms present. 
As appears in Table II], while the organisms were found con- 


stantly in the pharynx in large numbers, a few were occasion- 
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ally recovered from the nares as well. The sequence of cul- 
tures seems to show that such organisms are introduced acci- 
dentally from the pharynx, and are promptly washed away 
without localizing on the nasal mucosa. Further differential 
cultures in two cases also showed that the organisms were 
constantly present on one tonsil. The tonsil, therefore, seemed 
to be the focus from which the bacteria were disseminated 
through the buceal cavity. 

Re-lmplantation of Carrier's Strain on His Own Mucous 
Vembranes.—With the above observations in mind, it seemed 
of interest to re-introduce the carrier’s own strain upon his 
own mucous membrane. It seemed that this might give in- 
formation as to whether these surfaces behave like those of 
normal individuals in whom the organisms introduced are 
promptly washed away, or whether, in the carrier, the organ- 
isms have adapted themselves to a free growth on the open 
surfaces of the upper air-passages. It appeared (Table LV) 
TABLE LV.—INTRODUCTION OF CARRIER’S OWN STRAIN 

UPON HIS OWN MUCOUS MEMBRANES 


Name Date Culture, right nose Culture, left nose 


G. | April 4. 2 cols. F. No F. 


One loop of solid grow th B. Friediinder—St rain G—inocu- 
lated on left nasal septum. 


| Culture immediately. No F. F. 
Culture after 1 hour. No F F. 
| Culture after 24 hours. No F. No F. 
Culture after 48 hours. No F, No F. 
J. Mareh 2%. No F. No 


One loop of solid grow th B. Friedliinder—St rain J l—inocu- 
lated onright nasal septum. 


Culture immediately. F. No F. 
Culture after | hour. KF. No F. 
Culture after 1 day. Several hundred cols. No F, 
Culture after 2 days. No. F. No F. 


that organisms introduced in this way did not persist, but 
disappeared at the same rate of speed as the Friedlander bacilli 
placed on the nasal septum of the non-carrier. 

Introduction of a Second Strain of Friedlander Bacili upon 


the Mucous Membrane of the Carrier. It seemed of interest 


to determine how the carrier would react to the introduction 


of a second strain of B. Friedliinder. Such an experiment 


was made possible by working with strains sufliciently dilfer- 
ent to enable one to diiferentiate the carrier’s strain and the 


organism introduced. Carrier G. harbored an organism which 


had the following characteristics: Colonies up to 1 em, in 


diameter, confluent. Greyvish white, slightly opaque, sticky 


growth—not very stringy. Microscopically: short gram- 


negative bacilli with moderate capsule formation. Fermenta- 


tion of sugars (24 hours) saccharose +, dextrose + ,mannite+, 


lactose 0. Carrier J’s strain grew with a profuse opalescent 


very sticky and stringy growth. Short gram-negative bacilli 


with very marked capsule formation. Fermentation of sugars 


(24 hours)—dextrose+, mannite+, saccharose 0, lactose 0. 
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When a mixture of these two strains was grown on the same 
plate it was readily possible to pick out the two different 
types of colonies. After control cultures had been made, each 
of these two carriers was inoculated with the other one’s strain. 
and cultures were made at various intervals. The result ot 


this experiment (Table V) is that the foreign strain replaces 


TABLE V.—INTRODUCTION OF A SECOND STRAIN OF 
B. FRIEDLANDER UPON THE MUCOUS 
MEMBRANE OF THE CARRIER 
Name 
G. March 28- 
Control culture before inoculation (pharynx) © cols, strain G 
\ large loopful of strain J. (fished from the original plate) 
was swabbed on G.’s tongue and pharynx, 


Culture made immediately (pharynx) © cols. strain J. — 6 cols. G. 


ifter 2 hrs. wo cols. strain G, no cols. J 
24 hrs. © cols. strain G, no cols. J. 
** 48 hrs. » cols. strain G. — no cols. J 


J. March 28— 
Control culture before inoculation (pharynx) 2» cols. strain J. 
\ large looptul of strain G. (fished trom original plates) 
was swabbed on J.’s tongue and pharynx. 


cols. strain G.— no cols. J. 
many cols, strain G. — many cols. J 
many cols. strain J. — no cols. G 
® cols. strain J. no cols. G. 


Culture made immediately (pharynx) 
after 2 hrs. 
24 hrs. 
48 hrs. 
the carrier's strain in the cultures for a few hours, but promptly 
disappears, so that after 24 hours only the carrier’s strain is re- 
covered. In other words a carrier reacts to the introductior 
of a second strain of 3, Friedlinder just as a non-carrier does. 
This experiment seems to show then that there is no special! 
alteration in the mucous membranes of the carrier whicl 
makes them a suitable medium for the growth of Friedlinde: 
bacilli in general. 
lttempts at Carrier Production—An attempt was mad 
artificially to produce a carrier state by frequent re-inocula 
tions. An individual (B), was inoculated by swabbing th: 
tongue with a freshly isolated strain of B, Friedlander. Cul 
tures were taken at various intervals following inoculation 
and daily reinoculations made with these cultures. This 
process was repeated daily for one week. Within 24 hours after 
the last inoculation this man was free from B. Friedliinder. 
This result was just what had been expected and lends some 
support to the view that a focus of infection is responsible for 


the carrier state in the case of this organism. 


DISCUSSION 


The present report, in summary, presents experimental evi 
dence on the mechanism of the carrier state, at least in certain 
instances. It has been possible to show in the case of thes 
Friedlinder bacillus carriers that the breeding place of th 
bacteria is in a definite focus—the tonsil. From this point 
the organisms are discharged into the open pharyngeal cavity. 
and at times may be introduced into the nose. ‘There is 1m 
evidence, however, to indicate that any adaptation takes plac 
between the bacilli and the mucous surfaces, leading to actua! 
erowth and multiplication on these surfaces. They react just 
as the normal mucous membranes do, both upon the introduc 
tion of the carrier’s own strain, or the introduction of a secon: 


strain of Friedlinder’s bacillus. 
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CONCLUSIONS 

1. Of 85 unselected individuals 5.8 per cent were found to 
e carriers of Friedliinder’s bacillus 

2. The carrier state persisted throughout the period of ob- 
<ervation. 

3. There was no tendency for contacts to acquire the carrier 
~tate. 

!. Differential cultures showed the breeding place of the 
Friedlinder bacilli to be in the tonsil. 

5. The carrier’s own strain or a foreign strain of Fried- 
iinder’s bacillus implanted upon the free surfaces of the mu- 
ous membranes disappeared at the same rate of speed as in 


non-carrier. 
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6. It was impossible artificially to produce a carrier state 
by repeated inoculation with Friedlander. 

?. The general conclusion from these observations is that the 
carrier state depends on a focus of diseased tissue which 
affords a breeding place for the bacteria. They do not become 
adapted to growth on the free surfaces of the mucous mem- 
branes, 

BIBLIOGRAPHY 

1. Bloomfield, A. L.: Amer. Review Tuberculosis, 1920, IV, 247. 

2. Pilot, I., and Davis, D. J.: Journal of Infect. Diseases, 1919, 
XXIV, p. 386. 

3. Tongs, M. 8.: Jour. Am. Med. Assn., 1919, LXXIII, p. 1050. 

4. Van Dyke, H. B.: Jour. Am. Med. Assn., 1920, LXXIV, p. 448. 

5+. Herrold, R. D.: Jour. Am. Med, Assn., 1918, LXX, p. 82. 

6. Bloomfield, A. L.: Johns Hopkins Hospital Bull, 1920, XXXT, 
203. 


TUBERCULOSIS OF THE KIDNEY IN WOMEN 


By Leo Brapy, 


Assistant Resident Gynecologist 


(From the Gynecological Department of The Johns Hopkins Hospital and University) 


This paper will deal precisely with the final results of surgi- 
val treatment. I shall speak briefly of diagnosis but shall not 
zo into the pathology of the urinary tract, in view of the fact 
that this has been so well covered in many text-books. 

Although the number of our cases is only 77, the record of 
our results is of interest for the following reasons: (1) The 
diagnosis in these 77 cases is sure because the specimens ob- 
tained from the patients operated upon presented the typical 
gross and microscopic pictures of tuberculosis of the kidney, 
and in the cases in which no operative interference was deemed 
available the urinary findings and cystoscopie findings left 
no doubt as to the pathological condition from which the 
patient was suffering. (2) A large proportion of our cases 
were treated many years ago. One patient, for instance, is 
alive and well 20 years after her operation, another 22 years, 
and quite a considerable number after fifteen years. Finally, 
the method of operating in this clinic has not been uniform, 
and it is of interest to compare the results obtained by the 
different methods. In some cases only the kidney was excised 
while in others a second incision, usually a McBurney, was 
made and the ureter was removed extraperitoneally down to 
the uterine vessels; or the excision was complete and included 
a section of the bladder wall. This simultaneous extirpation 
of the kidney and ureter was first described in February 1896, 
by Dr. Howard A. Kelly (The Johns Hopkins Hospital Buile- 
tin, 1896, VIT). 

A careful study of the histories of our cases has given us 
the following information: In our 77 cases there was a definite 
family history of tuberculosis in 14, or 18 per cent. By 
definite family history I mean that some member of the imme- 
diate family had had tuberculosis and do not refer to tubercu- 


losis in distant relatives. In 46 cases the right kidney was 


affected, in 27 the left , and in 4 the disease was bilateral. 


The average age of our patients on admission was 32 years, 
und the majority had begun to have symptoms in the third or 
fourth decades. The following table groups the patients ac- 
cording to their ages on admission and in each group the 
average duration of symptoms before entrance to the hospital 
is given. 


Average dura- 
tion of symptoms 


Number of cases 
admitted to the 


Age hospital before admission 
Between 20 and 30....... 26 26 months 
Between 30 and 40..... . 48 months 
Between 40 and 50....... 9 36 months 


The average duration of symptoms in our cases before admis- 
sion to the hospital was 33 months. ‘The oldest patient in our 
series, L. G. (Gyn. No. 8745), came into the hospital in her 
fifty-seventh year, with tubercle bacilli in her urine and a 
history of dysuria and polyuria that had lasted for five years. 
The left kidney and ureter were removed and were both found 
to be tuberculous. Under irrigations the accompanying cystitis 
cleared up entirely in two years, and the patient then had five 
years of very good health before dying suddenly of heart 
trouble. The youngest patient, F. B. (Gyn. No. 23676), aged 
14, had had dysuria and polyuria for eight months before 
coming to us. She is now well, three years after the removal 
of a tuberculous kidney. 

Of 77 patients, 71 were white and 6 colored. On our ser- 
vice, one negro is admitted to the hospital for every three 
white women; hence it would appear that, while tuberculosis 
of the kidney is relatively infrequent in the colored race, it 
cannot be said to be rare. 

Twenty-five, or 32 per cent, of the patients complained of 
hematuria and in eight of these it was the first symptom. 
Two patients first noticed general weakness, and in all the 
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other cases dysuria and polyuria were the first evidences of 
the kidney disease. 

The general physical examination showed pulmonary tu- 
berculosis im six cases. Four of these patients had active, 
two inactive, pulmonary tuberculosis. One patient developed 
tuberculous peritonitis two years after the removal of a tuber 
enlous kidney. In four cases only was a marked enlargement 
of the kidney noted, and in all these cases we found at opera- 
tion that we were dealing with cases of tuberculous pyelone- 
phrosis. ‘The routine gynecological pelvic examination showed 
the ureter to be thickened and tender in 23 cases. ‘This nodu- 
lar thickening with tenderness of the portion of the ureter 
which can be felt on vaginal examination has in this climie 
been of great help in promptly directing our attention to the 
probability of tuberculosis of the urimary tract. The im- 
portance of ureteral palpation in women was brought out by 
Dr. Kelly in an article published in 1888 in Vol. VILE of the 
Transactions of the American Gynecological Society. 

Before recording the results obtained by operative inter 
ference | shall first give a brief summary of those in patients 
not operated on, In five cases surgical treatment was not 
advised, and in two others was refused by the patients. Four 
of these women had tuberculosis of both kidneys, one with 
symptoms dating back eight years, the second two years, the 
third, one year, and the fourth only eight months. One of 
these women died in three months, the second in six months, 
the third in one year, and the fourth left the hospital unim- 
proved and has not been heard of since. One woman had a 
unilateral renal tuberculosis with advanced pulmonary changes 
and in her case operation was not advised; she also left the 
hospital unimproved and has since not been heard of. In 
the two operable cases in which surgical treatment was  re- 
fused the patients died within one vear after leaving the 
hospital. 

In TO out of the 77 cases Operations were performed. In 
67 cases the kidney was removed and in three cases simple 
nephrotomies were done. "The results obtained in these three 
last cases are very discouraging. One woman died in three 
months, a second in two years, and the third left the hospital 
unimproved and has not been heard of since. Nephrotomies 
were performed on these patients for the following reasons. 
Two of the women had bilateral renal tuberculosis with a 
markedly decreased urea output on both sides. When they 
entered the hospital, one in 1893, and the other in 1899, they 
were ina very bad condition and each had a unilateral pyvelo- 
nephrosis, In the light of our knowledge at that time if 
seemed that evacuation of the pus was the only justifiable 
operative procedure. The third case, operated upon in 1897, 
was thought to be a simple pyelonephrosis, and the tubercu- 
lous nature of the kidney lesion was net recognized until ma- 
terial obtained at operation had been carefully studied micro- 
scopically. Unfortunately this patient later refused a nephrec- 
tomy and, after Jeaving the hospital against advice, died ina 
short time at her home. 

In order to judge our ultimate results in the cases in Which 
the kidney was removed we sent out letters to all of these 
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patients and we now have complete records in 42 out of the 


7 cases, or in 62 per cent. In all probability, of course, a 
number of the patients from whom we could get no recor: 
are dead, but we feel sure that our failure to trace many o 
them is due to the known frequency with which dispensary 
patients change their residence. In our series there was 1 
instance of death under the anwsthetic. ‘There were, however. 
three patients that died in less than twe months, one died 
of post-operative pneumonia en the tenth dav, the second o| 
uremia, and the third of tuberculosis of the other kidney. 
These two last patients were operated upon 20 years ago and. 
now that our methods of studying kidney function and pa- 
thology have improved so greatly, to-day both cases woul 
probably be considered inoperable. One woman was not at 
all benefited by the operation and died four years later. Four 
patients lived each six years after leaving the hospital, greatl) 
improved by their operations, and then died in the seventh 
year. The exact cause of death in these cases is not known, 
but it seems probable that tuberculosis was the main factor. 
This means that 8, or 19.5 per cent, of the 42 women of whom 
we have complete records are now dead. These eight patients 
lived, on an average, for three years after their operation. 
Two of the living patients are unimproved, one three, th: 
other nine years after operation. Seven may be classed a- 
greatly improved, These seven women are all able to carry 
on their daily occupations and complain only of slight bladder 
symptoms. ‘Twenty-five, or 59.5 per cent, of these women 
whose present condition we now know are entirely well, with 
an average of 11 years since their operation. In this series 
we have one woman operated on 21 years ago, another 2? 
years ago, and two 20 years ago. These patients have bee: 
relieved of all their syi iptoms by operation and report them 
selves to be now in good general health. The following tabk 
shows graphically the above mentioned post-operative results. 
Women From TusrrcuLoUS KipNey Has BEEN REMOVE) 
PRESENT ConpiTion IS KNOWN 


Per cent 


Total number ‘2 

Known to be now dead s 19.5 
Alive and unimproved 2 4.5 
Alive and improved 7 16.5 
Alive and entirely well 25 d9.5 


We have divided all the cases in which we know the final re- 
sult into two classes, one formed by those women from whom 
only the kidney was removed and the other by those from whom 
as much as the ureter as possible was removed at the same 
time. After careful study we have been unable to show that 
the removal of the ureter makes any difference in the ultimats 
results of the operation, .\pproximately 19 per cent of both 
groups of patients are now dead, 5 per cent are unimproved, 
and 76 per cent are either greatly improved or well. 

Our study, however, has shown that the post-operative 
sinuses of the patients on whom nephro-ureterectomies were 
performed healed in an average time of five months, whereas 
the woman in whom the diseased ureters were left drained 
From this it would appear that it is better 


for 11 months. 
to remove the ureter along with the kidney when the conditior 
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of the patient warrants prolonging the anesthetic the short 


time necessary for the carrying out of this procedure. 


CONCLUSIONS 

1. In our cases of renal tuberculosis in eighteen per cent 
(184) there has been a family history of tuberculosis. 

2. In sixty per cent (60¢) of the cases of tuberculosis vi 
the urinary tract the lesion has been in the right kidney, in 
thirty-five per cent (85¢) in the left kidney, and has been 
bilateral in four patients. 

3. Renal tuberculosis occurs most frequently between the 
ages of twenty and forty (71%). 

!. The average duration of symptoms in our women befor: 
coming to the hospital was thirty-three months 

» Renal tuberculosis in colored women, although Hot as 
frequent as in white, is by no means rare. 

6. In eighty-eight per cent of our cases dysuria and poly: 
urta were the first symptoms, 

*. One-third of the women complained of hematuria on 


admission, and in eight patients “smoky urine” was the 
lirst sympton. 

8. Thickening and tenderness of the portion of the ureter 
palpable on vaginal eXamination was present in thirty-two 
per cent of the patients and this sign is of great help in the 
early detection of cases of renal tuberculosis, 

%. Of the seven patients not operated on, four are known 
to be dead and the other three left the hospital in a very bad 
condition and are probably now dead, although we have ne 
definite information about them, 

10. The three women on whom simple nephrotomies were 
performed all did badly, 

11. The ultimate result is ki.own in forty-two out of sixty- 
seven cases in which the kidney was removed, or in 62 per cent 
of the cases. 

12. Seven of these forty-two patients may be classed as 
creatly improved and are now alive six vears after their opera- 
tions: twenty-five are entirely well with an average period of 
eleven years since they were discharged from the lhoespital. 
This means that 16.5 per cent of the women of whom we have 
records have been greatly improved by their operations and 
59.5 per cent have been entirely cured, 

13. Comparison of the results obtained when the ureter is 
removed with the kidney and when it is left in si/w shows that, 
although the ultimate results are the same following the two 
methods, the post-operative sinus heals more rapidly when a 
nephro-ureterectomy is done, and this, therefore, seems to be 
the operation of choice when the patients condition warrants 


a prolongation of the anwsthetic. 
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CASES OF TUBERCULOSIS OF THE KIDNEY OBSERVED IN 
THE GYNECOLOGICAL DEPARTMENT OF THE 
JOHNS HOPKINS HOSPITAL 


Gynecological 
Pathological 


tivnecological 


Gynecological Pathologica Gynecological 


History number number History number number 
1009 1017 17890 16676 
wile 17939 16754 
41376 
1670 8143 
19862 

19860 

HOSS 2310 19960 
2305 20058 20011 
2823 20208 19795 
912 3243 20298 No specimen 
S498 20847 20868 
1067 21625 21617 
TOS] 16 21813 21813 
SOO] 1308 21859 21798 
S716 22010 23001 
S745 dO 22040 22002 
22840 22858 
22311 25625 
9966 6313 23366 22281 
10058 23464 22803 
10088 H283 23518 23451 

283549 No specimen 

23698 23638 
112553 7275 23790 No specimen 
11450 7696 24060 24025 
11733 9528 24228 24178 

11613 S042 24288 24318 
No specimen No specimen 
11994 S501 

12108 S724 

12471 9192 

12866 Total 
13244 10696 Number trom whom kidney 

13484 10738 Was removed 67 
13858 11535 Of these 67, 42 have been heard 
13951 11564 trom--S known to he dead. 
14169 11997 34 known to he well. 
14428 12310 

14467 12203 

14549 12277 

14767 12733 

14810 12615 

14964 12834 

15085 668 

15662 

16006 14180 

16067 14461 

16144 No specimen 

16393 14838 

16174 
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PORTAL THROMBOSIS 


By L. T. Wensrer 


(From the Department 


Dr. William Th. Welch in his classical treatise on thrombosis 
refers to occlusion of the portal vein as a “* well characterized 
although usually undiagnosed alfection caused most fre 
quently by compression of the intrahepatic branches in eirrho- 
sis, syphilis, or tumors of the liver, by compression of the 


ranches or trunk by fibrous perihepatitis, chronic peri 


tonitis, swollen lymph glands, impacted gall-stones or tumors. 
With pancreatic disease, gastric cancer and ulcer, is also men- 
tioned sclerosis of the portal vein, which latter should, he said, 
recelve more recognition, 

Two vears before, Spiegelberg, in a series of * Unusual 
\utopsy Findings,” had described a case with caleification in 
the wall of the portal vein. Borrmann at about the same time 
emphasized its importance, Sachs in his comparative study 


‘arterial and venous sclerosis considered it a manifestation 


general venous involvement. 


Lissauer in an excellent summary of the cases occurring at 
Breslau, reported in 26,687 autopsies, 68 instances of portal 


thrombosis which are tabulated as follows: 


rABLE 


Gall-stones .. : Y cases. Cancer of pancreas (pri- 5 cases. 
Syphilis of liver . 7 cases. mary.) 


Carcinoma of stomach 7 cases. Diseases of the spleen... 5 cases. 
3 


; with metastases’ to Cancer of pancreas (sec-) 3 cases. 

liver. ondary.) 
Appendicitis. . Geases.| Cancer of intestine.....| 2 cases. 
Atrophic cirrhosis § cases., Cancer of liver (pr.)....| 2 cases. 
Cancer of gall-bladder.. 6 cases.) Cancer of liver (sec.) 2 cases. 
Pancreatic disease. ... 2 cases. 


FREQUENCY OF THROMBOSIS IN ASSOCLATED 
CONDITIONS 


TABLE II. 


| portal 
cases thrombosis thrombus 
Swelling of portal lymph glands .. 28 13 16% 
Abscess of spleen............+++ 7 2 28% 
Carcinoma of pancreas............ 33 8 24% 
Primary cancer of liver ........... 1 2 11% 
Primary carcinoma of gall-bladder 146 6 1% 
Secondary carcinoma of liver........ 56 2 4% 
Syphilis of liver. . a 179 7 1% 
Carcinoma of intestine ee eed 137 2 2% 
Carcinoma of stomach with liver me HOS 7 1.5% 
tastases. 
Cirrhosis of liver.... 711 } 6 
Carcinoma of stomach without liver 0 0 0 


metastases. | 
Portal thrombosis is mentioned as occurring 21 times in 
the 6050 autopsy records of The Johns Hopkins University. 
It was associated with (1) cirrhosis of the liver in 7 cases, 


(2) with carcinoma in 6 cases, (3) with cholangitis in 4 cases 
and (4) with amyloid disease, (5) ulcer of the stomach, (6) 


of Pathology. The Johns Hopkins niversity, Baltimore, Md. 


Banti’s disease, and (7) pylephlebitis, in one case each, re- 
spectively. 
(1) Cirrhosis of the liver, 7 cases. 
(a) Laennec: - cases (Cases 11, V, VI, VIL). 
Location of thrombi. 
Main portal vein and liver branches, 2 
Cases, 
Portal vein, liver branches, splemie vein, 
superior mesentery, 2 cases. 
Condition of vessels. 
Sclerotic portal vein and branches, 4 cases. 
(by) Syphilitic cirrhosis, | case (No. 1). 
Location of thrombi. 
Main portal vein and liver branches. 
Condition of vessels. 
Sclerotic portal vein and branches. 
(c¢) Atypical cirrhosis, 2 cases (Cases TT and TV). 
Location of thrombi. 
Main portal vein and liver branches, 2 
cases, 
Condition of vessels. 
Sclerotic portal vem and branches, 1 case. 


No note, 1 case. 


Case 1.—Henrietta B. White. Autopsy 214, July 21, 1891. 

tnatomical Diagnosis.—Syphilitic cirrhosis of liver, C. P. C.; 
Portal thrombosis (recent); acute peritonitis; colon bacillus in exu- 
date; jaundice. 

In the abdomen are about 500 ce. of turbid fluid. The peritoneal 
surfaces are thickened, rough. Firm adhesions bind the liver and 
spleen to the peritoneal wall. The splenic vein is wide, its inner 
circumference measuring 6 cm. There are areas of calcification and 
irregular thickening of the intima and here is an adherent thrombus 
! mm. in thickness, 10 mm. in length. The portal vein is also wide, 
its lumen is filled with a fresh thrombus adherent to the intima in 
spots but in general easily removed. It extends a short distance into 
the main branches of the portal vein. It seems to be of recent forma- 
tion, The wall of the portal vein appears thickened, especially the 
intima. 

The liver is very much deformed by coarse lobulations or nodules 
which result from cicatricial depressions all over its surface. These 
nodules are of all sizes. On section the liver is jaundiced. Fibrous 
hands of connective tissue extend from the capsule into the sub- 
stance of the liver, producing the lobulations above described. In 
and about these areas is atrophy of the parenchyma. The specimen 
is an excellent example of syphilitic cirrhosis. 


Case Il.--James S. White, 41 years. Autopsy 14, 1891. 

jnatomical Diagnosis. Streptococcus septicemia following old 
ulcer on left leg. Double pneumonia; axillary adenitis; cirrhosis ef 
liver; dilatation and atheroma of splenic artery and vein and of 
portal vein with parietal thrombosis. 

The liver weighs 1300 grams. The surface is nodular, hob-nailed, 
free from adhesions. The capsule is thickened. The consistency is 
hard. On section the nodulated appearance is still evident. The 
portal, splenic, and mesenteric veins are greatly dilated. The intima 
is thickened with atheromatous and calcified patches, present espe- 
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cially in the splenic and portal vein up to the division of the portal 
vein into its main branches as it enters the liver. Here there are 
«mall adherent parietal thrombi. The splenic artery is extraordi 
narily wide and tortuous with nodular patches of thickening in the 
intima. 


John SS. Autopsy 462, Oct. 17, 1893. 


Diffuse suppurative cellulitis (streptocoe- 


Case 
tnatomical Miaqnosis.- 
cus); lymphadenitis; ascites; chronic adhesive peritonitis; chronic 
interstitial hepatitis; thrombosis of portal vein. 
rhe liver weighs 1700 grams. It is everywhere adherent. ‘The 
capsule is thickened, fibrous in appearance and often 4 mm. in thick- 
On section it appears mottled and smoky. Heavy bands of 


ness. 
connective tissue extend inwards from the capsule. In this way areas 
of liver tissue are completely marked off. In the portal vein are 
thrombi; the main branch beginning at the junction of the principal 
ibdominal veins is almost completely filled by a mixed thrombus 
which is only slightly adherent. At the entrance into the liver the 
vein is covered by a firmly adherent laminated thrombus, somewhat 
-oftened, which not fill the Some of the principal 


branches of the portal vein in the liver are thrombosed with masses 


does lumen. 


which appear to be adherent and continuous with a laminated 
thrombus. 
Case 1V.—John M. White, 48 vears. Autopsy 2706, April 13, 


1906, 

inatomical Diagnosis.—Chronie splenic tumor; sclerosis of splenic 
ind portal veins; cirrhosis of liver; thrombosis of portal branches; 
(. P. C. of pancreas and intestines; esophageal varices with rupture; 
hemorrhage into the stomach and intestine. 

The splenic vein shows definite sclerosis everywhere, particularly 
after one leaves the hilum of the spleen. Here and there it shows 
detinite rings of sclerosis but its lumen is everywhere patent. Such 
areas are particularly well marked at the branching of the vessels. 
\t the junction of the splenic vein with the mesenteric vein is seen 
« large thrombus mass slightly adherent to the anterior wall of the 
mesenteric vein, partially occluding its lumen. The thrombus is of 
a grey color and shows definite ridges and furrows on its surface. 
The portal vein, however, shows complete occlusion of its lumen by a 
tirm thrombus mass of greyish translucent material. In this region 
the lumen of the vessel is narrowed. As one goes upward one finds 
the two branches of the portal vein obliterated completely by a 
In the liver some evidence of throm- 


The aorta shows 


similarly appearing thrombus. 
hosis and propagated blood clot is still evident, 


moderate arteriosclerosis. 


Case V.—William K. White, 40 years. Autopsy 4132, May 14, 
1914. 

tnatomical Diagnosis.—Atrophie cirrhosis of liver; portal stasis; 
ascites; dilated collateral circulation; organizing thrombus of portal 
vein and its radicals. Interstitial hyperplasia of spleen; chronic 
interlobular pancreatitis with hemorrhages into the islands of Lan- 
verhans; chronie interstitial nephritis; jaundice. 

rhe splenic vein is enlarged and its lumen obliterated by an organ- 
izing thrombus. Throughout its entire extent the mesenteric vein 
up to the point of its larger tributaries is thrombosed even into the 
substance of the liver. The 
thrombus, although not very old in appearance, is firmly adherent 
to about half of the cireumference of the vessel, and some areas ap- 


The liver weighs only 810 grams. It is typically 


The vessel walls are slightly thickened. 


pear sclerosed, 
hob-nailed in appearance. 
Case VI.—John W. Autopsy 5026, Feb. 7, 
1917, 
inatomical Diagnosis.—Cirrhosis of liver; thrombosis of splenic 
vein; chronie splenic tumor; congestion and hemorrhage into the 


White, aged 53 years. 


stomach and intestines; ascites; hydrothorax; scar on genitals; 
fibrous orchitis. 

The liver weighs 1100 grams, and the irregular nodules would sug- 
gest the hob-nailed type of cirrhosis. The portal vein and its 
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branches contain a thrombus, 6 em. long, nearly obliterating the 
splenic vein after it has heen joined by the inferior mesenteric vein 
but before it enters the portal vein. This thrombus is firmly adher- 
ent to one wall of the blood vessel and shows evidence of organiza- 


tion. The aorta shows no evidence of syphilis or of sclerotic changes. 


Cast VII—Barbara 8S. White, 69 vears. Autopsy 5863, March 
28, 1919 

tnatomical Diagnosis.—Generalized arteriosclerosis; fibrous myo 
carditis; cirrhosis of the liver; enlargement and fibrosis of spleen; 
esophageal varices; thrombosis of splenic and superior mesenteric 
veins; fibrinous perisplenitis; hemorrhagic infarction of jejunum 
with hemorrhage into stomach, duodenum, jejunum and ileum. 

The liver presents the usual hob-nailed appearance of an atrophic 
cirrhosis. The splenic, portal, and superior mesenteric veins show 
marked sclerotic changes with calcification in the intima and media. 
A thrombus is adherent to the wall of the splenic vein and superior 


mesenteric veins. Propagated clots fill the entire portal system. 


Summary.—In about 275 cases of cirrhosis of liver, portal 
thrombosis is reported in 7 cases or 2.6 per cent. Usually the 
main portal vein and its liver branches were implicated. In 
every case in which a note was made as to the condition of the 
veins, there occurred sclerotic changes in the intima or media. 
A slowing of the circulation plus an injury to the vessel wall 
seemed to play the all important etiological rdle. 


(2) Carcinoma, 6 cases. 
(A) Stomach, 4 cases (Cases VIII, IX, X1, NII). 
Metastases to retroperitoneal glands and liver, 
cases. 
Thrombi. 
1. Type: 
(a) Carcinomatous thrombi, 2 cases, 
(b) Blood thrombi, 
(c) Both, 


1 case. 
1 case. 
1 cases. 
2, Location: 
Portal vein and liver 
branches, 3 cases. 
Portal vein, liver branches, 
splenic vein, 1 case. 


4 cases, 
(B) Pancreas, 2 cases (Cases X and XIII). 
Metastases to retroperitoneal glands 
and liver, 2 cases. 
Thrombi. 
1. Type: 
(a) Blood, 1 case. 
(b) No note, 1 case. 
2. Location: 
Portal vein and liver branches, 1 
case. 
No note, 1 case. 


Case VIIL—Otto W. Autopsy 175, March 4, 
1891. 

Anatomical Diagnosis—Carcinoma of stomach; 
hepatic lymph glands; carcinomatous thrombus in portal vein; mul- 


tiple metastases in liver. 


White, 49 years. 


carcinoma of 


} 
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The portal vein is of normal size. At its entrance into the liver 
there is projecting into it a large, smooth, careinoma nodule, This is 
smooth and non-ulcerated on the surface. In the portal vein around 


the tumor thrombus there are soft thrombi along the wall. he 
veins branching near the thrombus are also filled with tumor tissue, 
and a large mass in the left lobe is direetly continuous with the 


thrombus in the portal vein. 


Cask IX. Negro, 53 years. Autopsy 228, September 
10, 
{natomical 


tases to liver, lymph glands and pleura; chronie diffuse nephritis; 


(reorge 


Diagnosis.—Primary carcinoma of stomach; metas 


nodular arteriosclerosis; cysts in liver resulting from tumor com 
municating with portal vessels. 

rhe liver weighs 3600 grams; it contains numerous soft nodules 
which considerably in size. Some of these nodules are very 
soft. 


which is apparently confined to the tumor mass, in cavities with 


vary 
On section some contain a large amount of hemorrhagic thuid 


smooth walls. Some of these cavities are evidently situated directly 


in the liver tissue. In other areas they are surrounded by a small 


amount of tumor tissue. In some of the larger cavities thrombi 


were seen projecting from the veins. Small thrombi were found in 
the minute branches of the portal vein. Branches of the portal 


vein could be traced directly into the cavities. 


Case X.—Barbara A. White, 51 years. Autopsy 483, January 5, 
head of the 


Carcinoma of the pancreas 


tnatomieal Diagnosis. 
with extension into the duodenum and stomach; carcinoma of mesen 
teric lymph glands, retroperitoneal and gastrohepatic glands; carei- 


noma of the right and left adrenals, liver and lungs; thrombosis of 


portal vein. 

The retroperitoneal glands on both sides have been converted into 
tumor masses which form a chain along the spine. The portal vein 
is thrombosed just hefore it enters the liver hy a partially decolorized 


thrombus mass. 


Case XI.—Frank White, 62 years. Autopsy 1464, January 3, 


1900. 
tnatomical Diagnosis.—Carcinoma of stomach with metastases to 


the liver, retroperitoneal and omental Ivmph glands and to the 


spleen; metastases to the hilum of liver occluding portal vein; prop 
agated thrombus in branches of portal vein. 
metas 


The splenic vein shows a dilated lumen. On dissection a 


tasis is found blocking the vein completely, about 2 cm. 


from the 
junction of the splenie and portal vein, at a point. where a vein 
enters the splenic vein from the stomach. The metastasis extends 
into the portal vein, obliterating its lumen completely up beyond the 
hilum of the liver. It is firmly attached to the vessel walls giving 
them a diameter of from | te 3 cm. and making the splenic and 


veins resemble enlarged elongated, irregular lymph nodes 


with metastasis. On section it 
Where this metastasis ends bevond the hilum of the liver a 


portal 
is found that the centers have sof- 
vened. 
thrombus begins extending into the main branches of the portal vein. 

Case Emma Colored, 32 vears. Autopsy 3752. July 14 
1912. 

fnatomical Diagnosis.—Carcinoma of the stomach with direct in 
vasions into the retroperitoneal tissues, pancreas, transverse colon 
and mesenteric vessels; cancerous thrombosis of the portal vein; 
multiple metastases into the liver; cancerous thrombi in the pu! 
monary arteries; metastases to the intestine; anemia and emacis 
tion. 

The portal vein is dissected out of the tumor tissue but with the 
hepatic artery and the bile-ducts appears uninvolved as it enters the 
liver. On following the portal vein, however, into the liver for a 
short distance one finds a large vellowish tumor mass studded here 
and there with hemorrhagic zones partially occluding this vessel. 


Other small thrombi of a similar nature are found in the various 
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radicals of the mesenteric veins. On section of the liver several of 


the portal veins are found plugged with thrombus masses similar 


to those described above. 


Case NITE. White, 45 years. Autopsy 4635, May 25 
tnatomical Diagnosis. 


metastases to the liver and neighboring lymph glands; obstruction 


Cieorge 
Carcinoma of the head of the pancreas; 


of the common bile-duct; jaundice; thrombosis of the superior mesen 
teric of the splenie and prostatic veins; hemorrhages in the intes 
tinal mucosa, 


Summary.— ln cases of carcinoma of the stomach or head of 
the pancreas with metastases to the liver and retro-peritonea| 
glands, thrombosis of the portal vein may be expected. Usually 
The 


Pres- 


the main portal vein and its liver branches are involved. 
thrombus may be carcinomatogenous or hematogenous. 
sure occlusion of the lumen and injury to the vessel wall seen 


to play the all important etiological réle. 
(3) Cholangitis. 


Case NIV. White woman. aged 34 Autops, 
1069, March 21, 
tnatomical Diagnosis. - 


der; cholangitis; general infection (B. coli;; acute splenic tumor; 


Ricky A. vears, 

Cholelithiasis: obliteration of gall-blad 

abscesses in the kkineys; thrombi in the hepatie vessels; adhesion~ 

between the gall-bladder and stomach; early peritonitis; jaundice. 
Beneath the edge of the liver is a dense mass which occupies the 

stomacii. 


position of the gall-bladder; about it are the adherent 


liver and duodenum. The bile channels are dilated and patent. li 
the liver the bile-ducts are dilated by a turbid thuid which runs freely 
Thrombi tirm and red are found in the portal veins 


from them. 
The thrombosed vei:- 


and some of them are partially decolorized. 
are the smaller ones, usually under 0.5 em. in diameter. 


Case XV.—Richard T. Autopsy L691, March 7 
1901. 


Lnatomical Diagnosis. 


White, 40 vears. 
Cholelithiasis: calculus impacted in the 
diverticulum of tilling it and occluding it- 
duodenal orifice; acute hemorrhagic pancreatitis; 
tial thrombosis of the splenic vein: embolism and thrombosis o: 


Vater, only partially 


fat necrosis; per 


branches of the portal vein. 

The pancreas is represented by a swollen black tumor mass, sof! 
and friable. The liver shows on section portal veins plugged and 
distended with red thrombi. 


these areas it is found to have a diameter about 


When the vein is followed into one et 
4 mm.; it lies in a 
deep red area, and is plugged with a red thrombus which stop- 
abruptly and is yellowish white. Oceupy 
ing a portion of the lumen of the splenic vein is a mixed red and 
adherent to th: 


This may be an embolus. 


yellow thrombus mass, firm in consistency and 


intima. 


\VIL--Anthony White, 73 vears. Autopsy 3899, April 5. 


tnatomical Miagnosis—Cholelithiasis with stones the bile 


papilla and gall-bladder, subacute cholangitis; ieterus; biliary eb 
rhosis: obstruction of the pancreatic duet; chronie and acute pan 
creatitis; acute suppurative portal lymphangitis with beginning pyle 


acute generalized peritonitis; intestina 


chronie diffuse nephritis; 


phlebitis; liver necrosis; 


distention; yveneralized arteriosclerosis; 
cardiac dilatation and hypertrophy. 
Phe portal vein at the hilum shows a sort ante-mortem clot. The 


smaller branches of the portal vein also show many small clots. 


White, aged 58 vears. Autopsy 4048. 


Case XVIL—Andrew E. 
January 2, 1914. 
tnatomical Diagnosis.—Operative wound for cholecystectomy and 


drainage of common bile-duct. Chronic cholangitis; jaundice; throm- 
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hosis of portal vein; surgical incision of duodenum; bilateral 
bronchopneumonia, 

Liver. The portal vein at the hilus of the liver contains two or 
three friable thrombi attached to its wall. They measure about 
v5 em. in width. The left branch is completely obliterated by a 
thrombus, 

Summary.—I|n about 35 cases of cholangitis, portal thrombo- 
sis occurred in 4, or 10.5 per cent. Usually the main portal 
vein and its liver branches were involved. Infection of the 
vessel wall, although not always definitely recorded, may be 


assumed to play an important role in the etiology. 


(4) Amyloid Disease. 1 case. 


Cask XVIIT—Franklin R. White, 37 years. Autopsy 262, De 
vember 19, 1891. 

tnatomical Diagnosis.—Vuberculous fibrous phthisis of both upper 
lobes; amyloid spleen and kidneys Tuberculous ulceration of small 
and large intestine. 

Liver.—Microscopical examination showed thrombi in the portal 
veins with extensive liver cell emboli in these vessels. Obstruction 
to the portal circulation was probable but no note was made regard 


ing the condition of the vessel wall. 
(5) Uleer of Stomach. 1 case. 


Case XIX.—Louis F. White, 45 years. Autopsy 567, Septem- 
ber 13, 1894. 

{natomical Diagnosis.—Pertforating uleer of the stomach; old 
adhesive peritonitis around the perforation; ulceration into the 
splenie and pyloric artery; thrombosis of the splenic artery; exten 
sion into the celiac axis and abdominal aorta; infarction and 
softening of spleen; complete thrombosis of splenic vein with exten- 
sion of thrombus into the portal vein; thrombosis of interlobular 
veins of liver. 

The liver is small, tn a number of the interlobular veins of the 
right lobe are thrombi, red, with white centers. These are continu- 
ous with a small thrombus in the portal vein. There are also a few 
thrombi in the interlobular veins in the left lobe, and a small throm- 
hus enters the large branch of the portal vein running to the leti 
lobe. The splenic vein is also thrombosed completely, the condition 
extending as far as the portal vein and into it, although only a 
small portion of the lumen of the portal vein is occupied. ‘The 
splenic vein, however, is completely obliterated by a greyish throm- 
hus adherent to its inner wall. The splenic artery is thrombosed 
throughout its entire extent; its origin is undoubtedly at the base 
of the uleer. The thrombus extends through all the vessels of the 
celiac axis into the aorta. Infection and circulatory obstruction in 
the splenic vein probably produced the thrombi in this ease. 


(6) Bantt’s Disease. 1 case. 


Case XX.—No Name. Autopsy 1398, August 7, 1899. 

tnatomical Diagnosis —Primary splenomegaly; thrombosis of 
splenic, portal, and mesenteric veins; anemic infarction of spleen. 

The spleen is very soft; it weighs 2400 grams. The splenic vein 
is dilated to a diameter of 5 cm. and is distended with an elastic 
fat elot which shows points of opacity. This clot extends upward 
into the portal vein and even into the radicals of the portal vein. 
It ocecludes the lumen of the portal vein throughout its length. On 
section it is almost diffluent. The lumina of the mesenteric veins 
are obliterated by thrombi, largely organized. 

Circulatory obstruction in the splenic vein was concerned the 
formation of the thrombi in this case. 


(7) Pylephlebitis. 1 case. 


Case XXI.—Helen C. White, 13 years. Autopsy 1409, August 
24, 1899. 
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luatomical Diagnosis.—Appendicitis; suppurative inflammation 
of a branch of the portal vein; purulent pylephlebitis; thrombosis o! 
the portal vein; multiple abscesses of liver. 

The appendix is covered with friable adhesions; it is gangrenous 
throughout most of its length and during separation of adhesions 
large rents appear in the wall. The branch of the portal vein im 
the mesentery which leads from the region of the appendix is dis- 
tended with pus. The walls are in a large part necrotic. Traced 
upward this branch opens into the main portal vein behind a throm- 
bus which is large and partially obliterating the lumen. All other 
branches of the portal vein are open. On section the liver, partic- 
ularly the right lobe, is found to be riddled by large abscess cavities, 
evidently in intimate relation with the branches of the portal vein. 

Infectious injury to the vessel wall and obstruction to the cireula- 
tion were clearly the cause of the thrombi in this case. 


CONCLUSIONS 

1. In the 6050 autopsy records of The Johns lopkins 
Hospital portal thrombosis has been noted 21 times. 

2. It was found in 2.6 per cent of the cases of cirrhosis ot 
the liver and was always accompanied by sclerotic changes in 
the walls of the portal vein or its branches. 

3. Portal thrombosis was found to be common in cases ot 
carcinoma of the stomach or pancreas which had metastasized 
to the liver and retro-peritoneal glands. Pressure occlusion 
of the lumen and injury to the vessel wall by tumor tissue were 
present in all the cases. 

}, In 35 cases of cholangitis, portal thrombosis was noted 
in 10.5 per cent. Infection of the vessel wall might be inferred 
but was not recorded in every case, 

5. One case each of amyloid disease, ulcer of the stomach, 
Banti’s disease, and pylephlebitis were accompanied by portal 
thrombosis. The records, although incomplete, would lead one 
to infer that cireulatory obstruction and infection of the ves- 
sel wall were the immediate causes of the thrombi. 

6. As practical examples illustrating the combination of 
factors necessary to produce a thrombus, these cases are of 
interest. 

REFERENCES 

Welch, William H.: Albutt’s System of Med., 1899, Vol. VI, 209 

Spiegelberg: Virchows Arch., 1895, CNLIT, 547. 

Borrmann: Deutsch. Arch. f. kl. Med., No. 59, p. 283. 

Sachs: Virchows Arch., CXXII, 403. 

Lissauer: Virchows Areh., 1908, 301. 


THE JOHNS HOPKINS HOSPITAL BULLETIN 


It is issued monthly. Volume XXXII is in progress. The sub- 
scription price is $3.00 per year. (Foreign postage, 50 cents.) 


Price of cloth-bound volumes, $3.50 each. 


A complete index to Vols. I-X VI of the Bulletin has been issued 
Price, 50 cents, bound in cloth. 


Orders should be addressed to 


Tut Jouns Horkins Press, BALTIMORE, MD. 


H 


20 JOHNS HOPKINS HOSPITAL BULLETIN [No. 359 


THE RELATION OF HISTAMIN TO LEUKOCYTOSIS 


By Joun R. Pauw 


(From the Department of Pathology. The Johns Hopkins University) 


Besides the action of histamin in producing shock, its possi- 
ble relationship to some of the toxins, whose action is seen in 
infections and inflammatory conditions of bacterial origin, 
is interesting, and the possibility of its being produced in the 
body during these conditions seems to deserve investigation. 

The question of bacterial toxins and their relationship to 
the systemic reactions of the body in infectious disease is an 
unusually complicated one, and one which is far from being 
clearly understood, With some organisms part of the process 
at least is fairly definite and we have, for exainple, the exo- 
toxins of the diphtheria and tetanus bacilli and a few others. 
With other pathogenic organisms including pneumococci, 
streptococci, staphylococe?, and others, the ability to produce 
poisons is suspected, and the profound changes in organs re- 
mote from the local infected lesions, and also changes of a 
veneral systemic nature, such as fever and leukocytosis, are 
supposed by many to be due to them. But the nature and 
character of such toxins are still obscure and although this 
problem has attracted a host of workers, attempts to isolate 
individual and specific polsons have not been successful. 

Originally, Pfeiffer put forward his well-known theory of 
endotoxins, or poisons contained within the bacterial cell. It 
was assumed, that when bacteria entered the animal body and 
were destroyed by the action of the serum or cells, these endo- 
toxins were liberated and poisoning resulted. But more re- 
cently the conception of endotoxins has been regarded with 
some uncertainty.. The work of Vaughan * and Friedberger 
suggests that with bacteriolysis we do not have the mere libera- 
tion of a preformed poison but the process is a chemical pro- 
teolysis produced by enzymes, by which poisonous groups of 
the bacterial protein-molec ule are set free. These toxic 
cleavage produc ts are the result of the reaction between blood 
plasma and the bacterial cell; they are not specific and may 
he formed from all bacterial proteins pathogenic and non- 
pathogenic. 

Another view of the bacterial toxins, of quite a different 
nature, is that of Jobling and Petersen,’ who believed that 
in infectious processes most of the toxic substances originate 
from serum proteins, and the bacteria act merely by removing 
the antiferments from the serum, thereby setting free the 
normal serum ferments and permitting them to act upon the 
serum proteins. 

These views do not bring us to any definite conclusions as 
regards the type of toxins with which we are dealing. Chemi- 
cally, they are as yet undefined, for we have no knowledge of 
their constitution, except in so far as it has been hitherto im- 
possible to separate them from the protein molecule. Their 
relation, then, to split protein products is accepted. Vaughan’ 
states that, although we do not know the chemical structure 


of the protein poison, we are certain that it is not an amino- 


acid, although it may be closely related to one of these; and it 
will probably be found that the protein molecule contains a 
whole spectrum of poisons with slight variations of structure. 
Ife also mentions the fact that in its action the protein poison 
seems quite similar, if not identical, with the histamin of 
Barger and Dale. 

It seems Important, therefore, to test the effect of repeated 
-mall doses of this substance upon experimental animals. If 
it represents one of the actual protein poisons which are pro- 
duced during an infection, one might expect that such in- 
jections could give rise to some of the systemic signs which we 
are accustomed to see in infections, such as fever and leuko- 
cytosis. With this intention some experiments were carried 
out, 

Fever has been produced experimentally by the parenteral 
administration of proteins of diverse origin (Vaughan, 
Wheeler, and Gidley)* and these workers have found that by 
modifying the dose the type of fever could be determined at 
will. Also, changes in the blood picture, such as the production 
of an eosinophilia, have been accomplished by Schlecht,’ who 
found that on repeated injections of protein into a sensitized 
animal the eosinophiles were increased, and his results were 
also borne out by Chancellor,” who found that an increase of the 
same element of blood cells could be produced after injections 
of protein poison. Neither of these authors report any striking 
increase in the total number of white cells circulating in the 
blood stream during the course of their experiments. 

The experiments described below were undertaken in an 
effort to determine what influence histamin, when introduced 
parenterally into experimental animals, would have on the 
number of white blood cells circulating in the blood stream and 
what variations in temperature it could produce. 

Solutions, made up in small quantities of distilled water, 
of commercial preparations of histamin hydrochloride (Hoff- 
man and La Roche Chemical Works) were employed for the 
injections. 

Rabbits, although described by Dale as being relatively re- 
fractory to the effects of histamin, were employed for this work, 
owing to the facility with which blood for counting purposes 
can be drawn from the ear veins. It is worth mentioning here, 
however, that the greatest care was necessary 1n order to secure 
accurate white blood counts. Counts from the ear veins of 
animals, from which the blood was pressed or milked, proved 
inaccurate, showing an erroneous increase in the number of 
white blood cells. Constant exposure of the ear vein to manipu- 
lation, and cutting of the ear vessels producing localized phle- 
bitis, some oedema and often inflammation, rendered counts 
inaccurate. Apparently the best results were obtained from 


free flowing arterial blood. 


| 
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Intravenous Injections.—Primarily single large doses (1-1.5 
mg. per kilo) were introduced into the rabbit’s ear vein. As 
a rule, this dose was sufficient to produce violent symptoms. 
These came on in a few (10 to 20) seconds, with primary 
dyspnoea, then marked unsteadiness of movements followed by 
severe clonic convulsions, subsequently to which the animal 
lay motionless with head drawn back and limbs outstretched 
showing shallow and almost imperceptible respirations. After 
this there was a period in which the animal showed symptoms 
of shock, the extremities were cold and the blood pressure ap- 
parently low, the flow of blood from the ear vein was sluggish 
and its color dark. 

Leukocyte counts were made at hourly intervals following 
this injection over a period of from four to six hours and again 
one count on the next day. No striking changes were noted 
in the number of white blood cells in the blood stream in these 
experiments. 

Again smaller doses (0.25-0.5 mg. per kilo) were ad- 
ministered intravenously at hourly intervals over a period of 
from four to six hours. These individual doses were not suffi- 
cient to produce violent symptoms and generally the animals 
showed little more than transient dyspneea following the 
injection. White blood counts, taken in the same fashion as 
above, again showed no variations. 

Subcutaneous Injections —About 15 experiments of this 
type were tried. It was thought that by subcutaneous injec- 
tion larger doses could be given, the rate of absorption would 
be slower, and the effects prolonged. Doses of from 14 to 16 
mg. per kilo were employed, injections being made in the 
region of the back. ‘The rabbits survived large doses, 25 mg. 
being administered at one time to one rabbit. Within from 
two to five minutes after a small subcutaneous injection the 
animal generally showed signs of uneasiness, restlessness and 
often a mild diarrhoea. Following this the animal became 
stuporous, remaining in this condition for a period of from 
one to three hours with subsequent recovery which was appar- 
ently complete. During the first hour following the injee- 
tion there was definite shock. The extremities were cold and 
marked difficulty in dilating the vessels of the ear vein was 
generally experienced. The blood pressure was apparently low, 
the flow of blood sluggish and its color dark. 

In all experiments almost hourly leucocyte counts were made 
following the injection. The results of the counts showed 
little change in the number of white blood cells during the 
first two hours, with occasionally a slight leukopenia, but 
following this the counts seemed to show a constant rise, 
vecasionally as much as an increase of eight to ten thousand 
cells per cubic millimeter and a return to normal in from five 
to six hours. This transient leukocytosis, however, did not 
seem to exceed physiological limits, as almost similar changes 
were noted on several occasions after the rabbits had been 
eating. 

One experiment was performed to test the cumulative ac- 
tion of histamin and two subcutaneous doses were administered, 
the second one being given three and one-half hours after the 
lirst, at a period when the white blood cells were increased. 
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A sharp drop in the number of white blood cells and a gradual 
return to normal with no subsequent leukocytosis were ob- 
served. 

One rabbit received nine subcutaneous injections during 
a period of five weeks. The white blood cells always returned 
approximately to the same constant number during the days 
between experiments. 

In order to observe the possible variations of temperature 
which histamin injections might produce, a number of ex- 
periments were tried on guinea-pigs. Primary single doses 
(3-5 mg. per kilo) were administered intraperitoneally. Fol- 
lowing such an injection the guinea-pigs almost invariably 
showed signs of respiratory difficulty. There was often also 
weakness on the part of the animals and inability to stand. 
Generally, however, recovery was apparently complete. The 
temperature, taken per rectum, showed, as a rule, a fall of 
one or two degrees during this period of shock, but a return 
to normal was established in an hour’s time. 


CONCLUSIONS 

1. Following intravenous injections of histamin hydrochlo- 
ride into rabbits, no material change in the number of white 
hlood cells circulating in the blood stream was observed. 

2. Larger doses given subcutaneously were followed by a 
slight leukocytosis coming on about two hours after the injec- 
tion and lasting from five to six hours with a return to normal. 

3. This rise in the white blood count was not dependent on 
the size of the injected dose and did not seem to exceed physio- 
logical limits. 

!, Repeated subcutaneous injections over a period of six 
weeks did not cause any change in the number of circulating 
white blood cells. 
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THE INFLUENCE OF THE ANTERIOR LOBE OF THE HYPOPHYSIS 
UPON THE DEVELOPMENT OF THE ALBINO RAT 


By Warren R. Sisson, Boston, Mass.,* 


Epwin N. Broyies, Baltimore, Ma. 


(From the Department of Pediatrics, The Johns Hopkins University 


Introduction.—It was thought of interest, in the course of 
a study on the relation of the thymus gland to growth, to com- 
pare the changes that might be produced by feeding animals 
V feeding 


with this gland with those changes brought about | 
animals with the anterior lobe of the hypophysis. Robertson,’ 
and Goetsch* had described in detail definite changes in the 
normal development of animals after feeding hypophysis. We, 
therefore, fed two rats of a litter of 8 with the desiccated sub- 
stance of the anterior lobe of the hy pophysis. The other rats 
of the litter received either thymus or the routine diet. The 
results of this preliminary experiment were negative. We. 
therefore, determined to carry on further studies by feeding 
rats the anterior lobe of the hypophysis gland, using thymus- 
fed rats and those receiving ho gland as controls, with the 
hope of learning more exactly the relation that the hypophysis 
hears to early developmental changes. 

Method.—TVhe method emploved in this studs 
consists in the oral administration of the desiccated powdered 
gland.t) It is prepared by drying in a vacuum at 35° C. the 
anterior lobe of the hypophyses of voung calves. This is then 
extracted with ether and the dried product carefully powdered. 
One gram of the desiccated powder represents 4.5 grams of 
the fresh gland. As the experiments were in progress over 
a period of three Vears, three lots of this powder were used, 
The dosage varied from 0.07 gm... the amount usually given 
by other workers, to 0.3 gm. daily, ‘Phe powder was mixed 
with small amounts of the diet and fed in small dishes placed 
in the compartments of the cage. The rats were kept contined 
until all the powder was eaten, In the carly experiments, the 
animals were often deprived of other food for a time in order 
to insure more rapid and complete ingestion of the powder. 
Control and fed animals were treated alike. 

The animal selected for these feeding experiments was che 
albino rat (Mus norvegicus albinus} standard stock of the 
Wistar Colony, Philadelphia. The data on the development of 
the albino rat, as compiled by Donaldson, were freely used 
for purpose of comparison. The animals were fed with the 
gland from the third week, when the rats were weaned, for 
various lengths of time up to ten weeks. They were kept 
specially constructed cages, which atforded protection 
from light and ample room for their normal activities. Pre- 
cautions were taken to keep the rats under the most favorable 


surroundings for their development. The diet consisted of 


203 Marlhorough Street 
+ The powder was kindly supplied to us by Armour & Co 


wheat or corn bread and milk, together with mixed grains or 
pecially purified food products. The first six litters received 
liberal amounts of bread and milk twice daily with additional 
feedings of the mixed grains. A similar diet was given to 
litters seven, eight, and nine, except that each rat received an 
equal amount of whole milk, the amount varying from 4 to 
2 ¢ e. according to the size of the animal. Litter 10 received 
a diet recommended hy McCollum, consisting of 20 per cent 
purified casein, 2 per cent agar, 72.5 per cent dextrin, 2 per 
cent butter or egg-volk and 3.7 per cent of a salt mixture made 


up as follows: 


Nal O.173 
NaH2P0,H.O 0.347 
K.HPO, 0.954 
Ca lactate 1.3 

Fe lactate 11s 


‘The rats were killed with ether and accurate measurements 
of body and tail-length were then made. The testes with 
the epididvmes were weighed. In two experiments single 
testes of control and fed animals were surgically removed for 
microscopical studies after a few weeks of feeding with the 
vland. The remaining testes of these animals were studied at 
the close of the experiment. The organs of reproduction of 
all the animals were fixed in Zenker’s neutral formalin and 
stained with hematoxylin and eosin for microscopical study. 

Resulls.—The results of the experiments include the ob- 
servations of the activities, gross developmental changes, studies 
of the body and testicular weights, body and tail measurements 
and microscopical studies of the reproductive and endocrine 
vlands. 

The activities of all the rats, such as playfulness, sexual 
proclivities, appetite and sleep were normal in all instances. 
It was not noted that the largest doses of hypophysis gland 
affected the activities or the nutrition, The gland produced 
ho toxic symptoms, such as diarrhea, muscular contractions 
or emactation. 

No differences in gross developmental changes, such as. 
size, color, or texture of fur, were noted between the hypophy 
<is-fed animals and those receiving no gland. The testes de 
scended almost synchronously. The consistency size of 
the testes showed no variation. The thymus-fed rats, on the 
other hand, were in most instances larger, better nourished. 
their fur was sleeker, thicker and had a more yellow tinge. 
The testes of these animals descended earlier and in most 
instances were larger than those other members of their re- 


spective litters. These differences were much less marked i 
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the latter experiménts where the diet was most carefully con- 
rolled. 

Variation in the appearance of the mammae was slight dur 
ug the early development of the rat and the time of the rup- 
ture of the hymen was found to be inconstant and not deti- 
nitely related to conception. 

A comparison of the measurements of the body and tail 
lengths of the hypophysis-fed and control rats shows inconstant 


and very slight differences. 


The weights of animals in each litter are recorded in the 
weompanying tables and curves. Detailed comparisons he- 


tween the weights of the hypophysis-fed and the control ani 
mals have been made in various ways. 

First, the average weight of the hypophysis-fed, male and 
female, animals at death, has been compared with a similar 
iverage weight of their respective controls receiving no gland 
substance or gland other than hypophysis. 

(Ll) Hypophysis-fed, male, 91 gms. Control, no gland, male, 88.8 
gms. 

Hypophysis-fed, female, 86.4 gms. Control, no gland, female. 

84.2 gms. 

Thymus-fed, male, 77.0 gms. 


2) Hypophysis-fed, male, 72.2. gms. 
7 


Hypophysis-fed, female, 70.4 gms. ‘Thymus fed. female. 
ems, 


These figures show an increase of 2.9 per cent and 2.6 per 


ent more in the weight of the hypophysis-fed animals, male 
ind female, respectively, than the controls receiving no gland, 
and an increase of 6.6 per cent and 9.0 per cent of the thymus- 
fed animals more than the hypophysis-fed animals. 

Secondly, a comparison of the total percentage of weight 
gained by the hypophysis-fed rats and their controls has been 
made. 

female, 


|) Hypophysis-fed. male, 411.89. Control, no gland, male, 


Hypophysis-fed, female, 424.00. Control, no gland, 


401.2%. 
2) Hypophysis-fed, 299.6%. 
Hypophysis-fed, female, 314.24 


333.1%. 
331.00. 


male, Thymus-fed, male, 


Thymus-fed, female, 


These figures show that the hypophysis-fed animals, male 
ind female, gained 2.5 per cent and 5.6 per cent respectively, 
more than the controls receiving no gland, and further that 
ivpophysis-fed male and female rats gained 1.1 per cent and 
5.0 per cent respectively less than thymus-fed controls. 

Thirdly, a comparison was made of the average actual 
weight of the hypophysis-fed rats with their controls at 
arious periods in their development. The average weight of 
male and female rats fed hypophysis gland for 28-30 days was 
compared with the average weights of their controls, 

1) Hypophysis-fed, male, 269.4 gms. Control, no gland, male, 

273.8 gms. 

Hypophysis-fed, female, 279.1 gms. Control, no gland, femaie, 
272 gms. 

(2) Hypophysis-fed, male, 199.0 gms. Thymus-fed, male, 222.4 gms. 

Hypophysis-fed, female, 191.3 gms. Thymus-fed, female, 218.0 


gms. 
These figures show that the hypophysis-fed male animals 
gained 1.6 per cent less than the rats receiving no gland, and 
the females 2.5 per cent more; also that the hypophysis-fed 
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males gained 10.5 per cent less and the females 12.5 per cent 
less than the thymus-fed control during the corresponding 
period, 

Finally, a comparison was made of the average testicular 
weights, both actual and their ratio to the body weight, at 
death and at periods during the experiments. 


Hyvpophysis-fed, 1.618) gms. (actual weights) Hypophysis-fed, 


1.002 gms. 
Chymus-fed, 1.666 


Control, no gland, 1.555 gms. (actual weights) 


ums. 

1.565 gms. (relative weights)  UHypophysis-fet, 
1.035 gms. 

Control, no gland, 1.527 ems. (relative weights) Thymus fed, 1.65 


ums. 

These figures show that the actual weight of the testes of 
the hypophysis-fed rats is | per cent more than that of the 
control receiving no gland, and 14.3 per cent less than of the 
thymus-fed animals, also that the relative weight of the testes 
of the hypophysis-fed animals is 2.5 per cent more than that 
of their controls receiving no gland and 0.9 per cent less than 
that of the weight of the thymus-fed rats. 

Comparisons of testicular weights have been made from 
Experiments VIII and LX, in which one testis was surgically 
removed from both hypophysis and control animals some time 


hefore the animals were finally killed. 


EXPERIMENT VIII 
DAYS OF OBSERVATION, 


Days 


APTER 25 
\rrer 40 


TESTES 
(2) 


(1 


\ctual weights Relative weights 
Hypophysis-fed...... 0.357 gms, Hypophysis-ied,.. 0.826% 
(1) Control (no gland)... 0.385 gms. Control (no gland)........ 0, DORR} 
0.421 gms. Thymus-fed ....... S880; 
Hypophysis-fed... 0.732 gms ( Hypophysis-fed......... 1.1% 
2) | Control (no gland) 0.855 ems. | (2) < Control (no gland).. ° 1.2% 
 Thwmus-fed ,.......... 0.842 gms, 1.2% 


EXPERIMENT IN 


Wioeurs or ‘Tesres Arrer 33) Days OF OBSERVATION, 


(2) Werienrs Arrer 50 Days 


Actual weights Relative weights 


Hypophysis-ied....... 0.54 gms, Hy pophysis-ted........ 1, 02% 
(1) Control (no gland).... 0.33 gms. (2) Control (no gland).. 0, 762% 
Thymus-fed ........... 0.51) gms. (Thymus-fed .......... 0.98% 
Hypophysis-ied...... 0,953 gems. Hy pophysis-fed.. 1.1% 
(1) 2 Control (no gland).... 0.785 ems. (2) « Control (no gland)....... 1.15% 
Thymus-ted..... gms Thyimus-ted ....... 1.1% 


These figures show that the actual weight of the testis of the 
hypophysis-fed rat in Experiment VIII after 25 days of feed- 
ing is 7.8 per cent smaller than the control receiving no gland 
After 


10 days of observation the remaining testis of the hypophysis- 


and 17.9 per cent smaller than the thymus-fed control. 


fed animal is 3.2 per cent and 15 per cent, respectively, smaller 
than the controls. A similar comparison of the relative weight 
shows the testes of the hypophysis-fed rat to be 9.68 per cent 


and 7.5 per cent respectively smaller than the controls. 
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In Experiment IX the testis of the hypophysis-fed rat is 
36 per cent heavier in actual weight than that of the control 
receiving no gland and 5.8 per cent heavier than the thymus- 
ted control. A corresponding comparison of relative weights 
shows that in the controls the testes are 25 per cent and +4 per 
cent respectively lighter than in the hypophysis-fed rat. Seven- 
teen days later it will be noted that there is no difference in 
the relative weights of the hypophysis-fed and thymus-fed rats 
and that now the testis of the control rat, receiving no gland, 
is 05 per cent heavier than either. 

Microscopical sections were made of the reproductive organs 
and endocrine glands of eight litters of rats. No differences 
could be detected between the sections from the hypophysis-fed 
and their respective controls. The testes of rats from litters 
8 and 9, when seven and one-half weeks of age, were removed 
surgically. The tubules of the testes were completely filled 
with spermatogonia, spermatocytes and a few spermatids. The 
findings in the hypophysis-fed and the controls were identical. 
No differences were noted in the sections of the testes of these 
animals later when they were removed at death. 

Discussion.—The interpretation of some of the results, such 


as, the activities of the animals, admits little opportunity for 


discussion, as the animals showed no departure from the nor- 
mal. The only yariation in development between the hy- 
pophysis-fed and control animals was the accelerated growth 
of the thymus-fed rats. The signiticance of this will be dis- 
cussed in a later publication. The data presented in the 
weight tables and curves and the microscopical findings of 
the endocrine glands give the most satisfactory method to 
determine any developmental variation. It will be noted that 
the weight curves show a surprising similarity throughout all 
the experiments. This is especially well illustrated in Ex- 
periment X, in which the diet was most carefully regulated— 
each animal receiving approximately equal amounts of food 
accessories and proteins, Occasional exceptions are ele 
countered as in litter 4. In this instance members of the 
litters had snuffles and the results were not included. In 
litter 9 the male control was much smaller than any of the 
others in the fitter. This animal always appeared well and 
undoubtedly represented a variation of the species. Although 
the total percentage of gain of all the hypophysis-fed male 
and female rats was 2.5 per cent and 5.6 per cent, respectively, 
greater than that of the controls receiving no gland, this differ- 
ence does not justify the conclusion that it was caused by a 
specific principle in the hypophysis gland. The difference can 
easily be accounted for by the normal variation in the species. 
Robertson ** has referred to certain phases of accelerated 
growth due to feeding the anterior lobe of the hypophysis. This 
did hot exist in our experiments as can be seen from the weight 
curves. In a period of observation of four weeks the male 
hypophysis-fed animals gained altogether 1.5 per cent less 
than the controls, 

Special attention was given to the variation in the weights 
of the testes which has been noted after feeding the anterior 
lobe of the hypophysis. Almost identical results were obtained 


as in the comparative studies of body weight. The testes of 
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the hypophysis-fed rats weighed 2.5 per cent more than thos 
of the controls receiving no gland and 0.9 per cent less than 
those of the thymus-fed. The results of the weights of th 
testes surgically removed seem somewhat contradictory, but 
must be interpreted as showing no effect of the feeding. Th 
discrepancy in the findings is explained on the basis that th: 
control rat was undersized, and the weight of the hypophysis 
fed animal was normal. This view is confirmed by comparison 
with normal weight curves and by the failure to note differ 
ences in the microscopical sections of the testes. 

The results of our series of experiments are in agreemen| 
with the findings of Gudernatsch,’ Lewis and Miller’ and 
Hoskins.” Clark,’ Robertson,” * and Goetsch * have concluded 
that after feeding young animals with the anterior lobe of th 
hypophysis growth was accelerated. Others, notably Pearl," 
and Wulzen ” considered that a retardation of growth followed 
the administration of the gland. These contradictory result- 
may be explained by a failure to take into consideration certain 
factors which in themselves may cause the changes thought 
to he referable to the hypophysis. It is notable, for instance, 
that many observers have given little consideration to the 
normal variation in development of the particular species o! 
animal utilized for the experiments. Hoskins * especially em 
phasized this point. Goetsch* in his experiments used a so 
called “ narrow-selection ” race of rats whose normal develop 
ment showed marked variation as shown by the varying weights 
of his control. His animals were bred primarily for a con 
stant color. The albino rat (mus norwegicus albinus) used 
by us, and also by Hoskins” is peculiarly adapted for feeding 
experiments such as we have reported. This animal has been 
carefully “ standardized ” by breeding and the coefficient of 
variation of the individual rat has been compiled by 
Donaldson." 

Another factor accountable in part for the conflicting re 
sults above noted is the use of too limited a number of animals. 
Goetsch, for instance, who reports that the anterior lobe ot 
the hypophysis stimulates growth and sexual development 
refers in his article to only six animals that were fed with th 
anterior lobe of the hypophysis. Our results are based on a 
series of 68 animals, about 30 of which were fed the gland sub- 
stance while the others were used for controls. 

We are led to believe, especially from experiments still un 
published. that careful regulation of the diet is an essential! 
factor in experiments such as have been reported, and un 
doubtedly many of the discrepancies in results ean be attributed 
to the administration of unequal amounts of egg, cream and 
similar articles of food. The work of Oshorne and Mendel ’ 
and of McCollum has emphasized the important relation te 
vrowth of food accessories and adequate amounts of ingredi 
ents, such as protein and proper salt mixtures. These authors 
have shown that growth is induced by the so-called fat-soluble 
A and water-soluble B accessories such as are found in large 
quantities in egg-yolk and milk. Essentially no consideratior 
has been taken of these factors in past feeding experiments. 


Other factors, such as the general health of the animals 


may explain the discrepancies in the results referred to in the 
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literature. Snufiles is undoubtedly the commonest cause for 
variation in the weight of albino rats. 

An interpretation of the results of our experiments, as they 
may add to the knowledge of the function of the hypophysis, 
demands finally a consideration of the value of the method of 
experimentation. Although it is recognized that the secretion 
of the endocrine glands normally reaches the body fluids by 
means of the circulation and that digestive processes may 
produce fundamental changes in the substance given by mouth, 
this method seems to be the one of choice. 

Summary.—The desiccated powder of the anterior lobe of 
the hypophysis gland of young calves has been fed to albino 
rats of a standard stock. The experiments were begun when 
the animals were three weeks old and lasted for periods of from 
seven to ten weeks. Sixty-eight animals were used for the 
experiments, about half of this number being controls. These 
animals were observed for differences in activity, in the con- 
dition of their fur, in their nutrition and in their skeletal 
development. Special emphasis has been laid upon differences 
n external sexual characteristics, changes in body weights and 
(differences in the microscopical findings of the reproductive 
organs and the endocrine glands. Dietary precautions were 
taken in order to differentiate the effect of food and the gland 
substance. The hypophysis-fed animals developed normally 
and showed no differences heyond the variations of their spe- 
cies, The autopsy studies also show no differences. 

Conclusion.—Feeding of the desiccated powder of the an- 
terior lobe of the hypophysis of calves to albino rats from three 
to ten weeks of age in doses of 0.04 to 0.3 of a gram causes no 
change in their normal development. 


rABLE I 
(LITTER 1.) 
(7 animals.) 
1916. 
1916. 56 
day =. 


Born Apr. 29, 
Feedings begun May 25, 
Animals killed June 24, 
Duration of experiment, 


26 days old. 


§ | s | § 
| 
| = a = | 6 = 
M | Hypophysis | 19.5 | 0.04 24.5 45. | 0.1 | 58 64-908 
F. | Hypophysis. 16.5 | 0.04 22. 0.1 51 25 
' 

M. Control....... } 18 27.5 44 | 0 4.5 66 266 
F Control. 0 26.5 42 | 50 62 
| } 

M. | Thymus..... | 18.5 | 0.2 29. | 67 75 305 
M Thymus. 17. 0.2 23.5 44.5 | 0.3 57 ; 68 300 
Fr. | Thymus.. 16. | 0.2 | 9. 30. | 0.3 50 ' 63 294 


Notes.—No differences were noted at any time either in activities 
or in external characteristics. The testes of the hypophysis-fed ani- 
mals descended about the same time as did those of the control ani- 
Although the weight curve of this litter is below the normal 
The animals 


mals, 
curve (Donaldson) there was no evidence of snuffles, 
took the gland rather poorly and it was often necessary to limit the 


amount of food given. 
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TABLE II 


2) 


( Lirrer 


(8 animals.) 
1916. 27 


Born Apr. 28, 1916. 
Feedings begun May 25, 


days old. 


Animuls killed June 24,1916. 57 “* 
Duration of experiment, 30 days. 

Sex Feeding > = r 
2 2 2 2 s 
= a = = = = = = a 

M. 21. 0.2 9 0.3 0.4 76 261.9 

F. Thymus....... 21 0.2 33 58 0.3 65 0.4) 70.5 231.2 

M. Hypophysis... 20. 0.04 28. 9 0.1 65 0.2. 69 245.0 

F. Hypophysis...| 20. 0.04 | 28.5 51 0.1 65 0.2 | 57.5 187.6 

M. Control... 22.5 0 20 DT 0 62 0 66.5 195.5 

F. Control... 19.5 0 25 44 i) 7 0 52.5 169.2 

M. Lyte. 2). 0.2 30.5 9 0.3 0.4 84.5 302.3 

F. Lymph........ 20, 0.2 28 55 0.3 69 0.4 | 72 260.0 


Nores.—The fur of the thymus-ied animals is distinetly more yel- 
low and has a sleeker appearance than that of the controls; the latter 
is whiter, thinner and less coarse. These animals together with the 
lymph gland-fed animals are distinctly larger in every way than the 
controls. The hypophysis-fed animals show no difference in size from 
the controls. The hymen of the lymph gland-female is ruptured, the 
others are intact. The testes of the thymus and lymph gland-fed ani- 
mals are distinctly larger than the controls, There is no appreciable 
difference between the size of the testes of the hypophysis-fed ani- 
mals and those of the controls. 

Vicroscopic Findings.—Testes: (Hypophysis-fed rats.) The tu- 
bules are completely filled with cells consisting of spermatogenia, 
spermatocytes in all stages and in some instances spermatids. The 
control animal shows similar findings to that noted in the hypophy- 
sis-fed. 

Ovaries: (Typophysis-fed rats.) These show evidence of active 
ovulation, many Graafian follicles almost fully developed but no 
The control animal shows similar findings. 
Uterus: The is rather 


flat, shows no evidence of hyperplasia and there are a few glands in 


corpora lutea, 


(Hypophysis-fed rats. ) uterine mucosa 


the endometrium. The control animal shows similar findings. 


TABLE 


(Livrer 2) 


TABLE OF MEASUREMENTS OF WeiauT or Testes, LITTER 2 


Ratio of 
M. Thy MUS... 26.9 1.18 1.55 
M. | 26.3 1.2 
F. 26.6 
M. | 26.3 Os 
F. | 23.8 | 
M. | 27.8 2.01 
F. Lymph... 27.3 


\ 
| j 
| 
| 
| 
| 
| 
| 
| 
| 


26 
TABLE IV 
3) 


Born June 17, 1916. (Ten animals.) 


Feedings begun July 7, 1916. 20 days old 


Animals killed July 24, 1916. 57 i 

Duration of experiment, 17 days. 
Sex| Feeding Dosage| | Wah age wat 

gained 
M. Nucleic acid..... -| 0.0 15 20.5 0 32 113 
F, Nucleic acid..... 0.02 12.5 19.5 3 31 lis 
M. 0.1 15. 28 41 5 
F. O.1 12.5 25.5 42 i7 276 
M. Hypophysis....... 0.05 16 25. 37 14 nes) 
M. Hypophysis....... 0.05 14 23. 36 t4 215 
M Spleen........ ane] ‘See 23 $7 43 214 
M. Spleen.. hee 0.1 15.5 25. a 51 229 
M 0 13.5 24. 33 39 158 
F 0 13. 22 32 36 177 
TABLE V 
(LirrerR 3) 
Sex Feeding Body length testes to body 
weight 

M. Nucleic acid.......... 19.1 0.35 1.09 

F. 

22. 0.65 1.27 

M. 21.2 0.42 0.95 

MM. | O45 (2 

M. 20.9 0.7 .37 

M. Contro}.. 20.5 0.5 

F. Control.... 20.1 


July 18: Animals taking gland well, all in excellent condition, no 
snullles. 
July 23: For the past ten days with the exception of hypophysis 
fed animal, the glands have been taken poorly. [t has been necessary 
to feed the glands twice a day and to starve the animals for a few 


hours to insure that all the gland is eaten. ‘The control animals 


are fed in the same manner. The first spleen-fed rat takes its glanl 
poorly. The thymus-fed animals are larger than any of the others. 
The testes of these animals are distinctly larger, the scrotum redder 


and the testes more fully descended. There is no notable difference 
in general appearance or in the external genitalia between the pitui 
tary-fed and the control animals. 

Vicroscopic Studies.—The testes of the hypophysis-fed rats consis 
of tubules compactly tilled with spermatogonia, spermatocytes and 
spermatids. No fully developed spermatozoa are seen. The section 
of epididymes shows columnar epithelium almost filling the lumen. 
Sections of testes and epididymes from control animals show almost 


identically the same findings. 
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TABLE VI 
(Lirrer 4) 


Born Dee. 18, 1916. (Eight animals.) 
Feedings begun Jan. 9, 1917. 21 days old. 


Animals killed Feb. 20, 1917. 63 2 
Duration of experiment, 42 days. 
= = ~ = = 
a = = = = = = 
M, Hypophysis... 0.05 19 | 35.25; 56.5 | 67 116 10 
F. Hypophysis. 0.05 116.5 19 31.5 | 47.5 | 56.5 67 $6 434 
M. | Control....... 0 23. 32.5) 46. 61. 7 93.5 391 
F, @ 1). 22.7 33.75) 44 70 87.5 360 
M. Hy pophysis 0.05 17. 32.5 57.25 67. 114 578 
F, Hypophysis. 0.05 Is. 18, 27. 22.5 58 5y 77.5 330 
M. | Control......./ @ 19.5 | 23.5 | 33.75) 45. 60. 74 18.5 405 
M. Central. 0 iy 23. 32. 44.5 60 74 98.5 418.4 


*Hypophysis given in divided doses. 


Nores.—Soon after the beginning of this experiment certain rats, 
especially the hypophysis-fed females, developed snutfles. All the 
animals were isolated and the results of this litter were not included. 
The table of weights and weight curves illustrate the effect of a mild 


attack of snuffes upon growth. 


rABLE VII 
(Lirrer 5) 


Born Dee. 25, 1916. (Six animals.) 
Feedings begun Jan. 13, 1917. 19 days old, 
Animals killed Feb. 28, 1917. 65 


Duration of experiment, 46 days. 


Sex Feeding 3 4 5 - ~ te = 
— — = = = = = | = 
M. Control....... 14.70 20 43. 75. 7 119.5} 125. | 750 
Control li. 0 31 i7 75.5 93 107.5 108, 
M. Hypophysis... 0.05 14. 0.75 25.5 32.5) 47 60, Si 103.5) 119. | 750 
FF. Hypophysis... 9.05 14. 0.75 29 $2.5 | 57. 61. 82 94.5) 105.5) 654 
M. Hypoplhivsis. 0.05 13. 0.75 28. 42.2 | 37. 70. 116. 124 853 
F Iivpophysis....0.05 11 5 0.75 25 37 16.5 58 77 at 13. | TOS 
rABLE VIII 
(Lirrer 5) 
Ratio ol 
Sex Feeding Pail Length | 
weight 
M 17.9 2.022 62 
Control... 5 16.5 
M. Hypophysis........-.... 5.2 17.2 1.86 1.79 
F. Hypophysis........... 15.4 15.9 
M. Hypophysis. 15.3 7.5 2.1 1.69 
14.3 15.7 


F. Hypophysis..... 


| 
' 


January, 1921| 


Nores.--Jan. 27.—Rats in excellent condition, activity normal. 
Testes fully descended; no differences in size. 

Feb. 10. The hypophysis-fed are somewhat smaller than the con- 
trol rats. There is no difference in size of testes or condition of fur. 

Feb. 24. Animals in excellent condition. No differences in ac- 
tivity. Fur and external genitalia of hypophysis-fed and control 
animals show no differences. 

Microscopic Findings.—Sections of ovaries, Fallopian tubes and 
testes of control and hypophysis-fed animals show no differences. 
The testes are fully developed and the ovaries show numerous corpora 


lutea. 


TABLE IX 

(Lirrer 6) 
Born Dee. 27, 1916. (Six animals.) 
Feedings begun Jan. 18, 1917. 22 days old. 
Animals killed Feb. 28, 1917. 63 
Duration of experiment, 41 days. 


a 4 

a = = = = a” 

M. Hypophysis... 0.05 24.5 | 47.5 | 71.5 90.5 116 139.5 1652. 520 
F. | Hypophysis...| 9.05 25.5 51. 69. 82.5 109 123. 135. 430 
M. Control....... 0 24.5 | 47.7/| 63. 81. 105 184.5 140.5! 472 

F. Control...... 0 93.5 | 47.5 | 65.5 84. 101 109.5 116. 395 
M.  Hypophysis... 0.05 23. 48. 69.5 90. 120 142. 154. 570 
F. | Hypophysis... 9.05 23.5 | 47.5 | 74. 91. 123 132.5 130, 153 
| | 


TABLE X 


(Lirrer 6) 


| Ratio of 


| 

» Body testes 

Se Fe | +4 

eX eeding Tail length length Teste to body 

| weight 

— 

M. | Hypophysia.........cccees | 15.8 17.2 2.7 1.77 

F. 15.6 16.7 

M. Control........ 14.9 17.5 2.35 1.67 

M. | Hypophysis....... iseeeen 15.6 17.9 2.48 1.57 

F. 14.0 16. 


Nores.—Jan, 27, 2917. All the animals are in excellent condition. 
lhe testes of the hypophysis-fed and control animals descended «al- 
most simultaneously. They show no difference in size. 

Feb, 10, 1917. The male hypopihysis-fed rats are larger than the 
control, There is no definite difference in the state of nutrition or 


appearance of their coats. 


Feb, 27, 1917. All the rats are in excellent condition. Their activ- 


ities are normal. No precocities are noted. No appreciable varia- 


tion in appearance of external genitalia is noted. 

Wicroscopic Findings: Testes. (Hypophysis-fed.) Lumina of tu- 
bules are filled with mature spermatozoa. There is evidence of ac- 
tive spermatogenesis. Control: Findings are as noted for the 
hypophysis-fed rats. 
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TABLE XI 
(Lirrer 7) 
Born Dec. 27, 1916. (Ten animals.) 
Feedings begun Jan. 20, 1917. 24 days old. 


Animals killed Feb. 27, 1917. 62 


Duration of experiment, 38 days. 


~ 
3 = ~ os te 
— 
mM. | Control........... 0 15.2 | 38. 59 76. 105. | 180, | 186.5) 798 
F. | 0 15. | 35.5 54.5 71. 4 115. | 122 71 
M. Hypophysis...... -| 0.05 17. 35. 49. 63. 85. 107, | 112.5) 562 
F. Hypophysis....... 0.05 15.5 | 35. 54. 66. 90.5 109.5 116. 649 
M. | Control....... 0 15.5 | 34.5 52 73. | 92, Wi 123. | 695 
F. Control.........+ -| 0 14.5 | 32 499.5 64 103 107 


F. | Hypophysis.......| 0.05 13. | 31.5 50. | 66.5 87. | 105. | 111. | 754 
| 


F. Hypophysis.......) 0.05 15. 34.5 50 65. SI ) 110. 633 
F. Hypophysis.......| 0.05 18. 31.5 49 58.5 110 8.5) 735 
F. | 0 12. 28. 43.5 | 54. 72. 6. | 


TABLE XII 


(LiTreR 7) 


| Ratio of 

Sex Feeding Tail length coal Testes Ryd 
weight 

M. | Control.......ccsccccceses 15.4 16.4 1,78 1.37 
M. 14.4 16.6 1.01 1.64 
F. 15.3 16.5 
F. Hy 14.5 15.4 
Hv 14.3 i4.0 
F. Control. 14.5 15.2 


Nores.—These animals were observed frequently during the experi 
ment and no differences in their development, such as sexual preco 
city or premature descent of the testes was noted. At the end of the 
experiment all the animals were active and showed no evidence ot 
snutiles. 

Vicroscopical Findings.—Testes (hypophysis-fed). All seetion- 
show evidence of active spermatogenesis with numerous spermatids 
and almost fully developed spermatozoa. 

Epididymis. The tubules are filled with cellular detritus and a 
few spermatozoa. Ovaries: Sections show Graafian follicles in va- 
rious stages but no corpora lutea. Uteri (cornua): The mucosa is 
moderately hyperplastic and there is active glandular prolifera 
tion. 

Control: Sections taken from areas corresponding to those of the 


hypophysis-fed rats show almost identical findings. 


| 
| 
| 
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TABLE XIII 
(Lirrer 8) 
Born Feb. 24, 1917. (Seven animals.) 
Feedings begun Mar. 17, 1917. 21 days old. 
Animals killed Apr. 28, 1917. 63 “ 
Duration of experiment, 40 days. 


~ | a = 3 
Nn | | ~ | N N < 
4 3 
3 | 3 | 30 > So 

|—— 
M. | Hypophysis.../ 0.05 15.7 25.7} 31.7 | 0 1| 36.4 43.2 51.7 66.4 322 
Hypophysis...| 0.05 | 15.7 27.7 | 34 3 0.1! 38.1 44 52.1 66.1 321 
M. | Hypophysis...| 0.05 | 16.8 | 27.7 | 32.5 | 0.1, $7.5 44.5 | 58.7 65.3 285 
F. | Control....... | 16.3 | 27.1 33.2 | 0 | 37.3 43.1 51.2 62.8 285 

M. | Control....... 0 | 16.1 27.2] 31.1! 0 | 87.5 42.4) 50. | 61.8 286 
M. | Thymus....... 0.05 15.6 28.6 34.3 | 0.1] 42 50. | 63.5 | 78.1 400 

M. | Thymus. 0.05 | 15.6 | 27.5 38.1) 0.1) 41.6 47.4 | 56.2 69.8 


TABLE XIV 


(Lirrer 8) 


April Ratio of 
sex| ending | Tall, | Body, | Weight teste to 
testes weight 
M. | Hypophysis..... 11.4 13.4 0.357 0.732 ans 
Fr Hypophysis..... 11.5 13.8 
M. Hypophysis..... 11.3 14.1 nano 1.425 2.18 
11.6 13.5 
M. | Control....... 11.6 14.2 0.385 0.755 
F. | Thymus....... 13. 14.3 1.67 2.18 
M. | Thymus... 11.2 14.2 0.421 0.842 


Nores.—March J!. All the animals are active; no evidence 
snuffles. The testes of the thymus-fed rats are fully descended, while 
those of the hypophysis-fed and control rats are but partially de- 
scended. No variation in fur or size of body. 

{pril 6. Animals in excellent condition. Testes of thymus-fed are 
somewhat larger than others, Mammue of all females are equally 
developed. 

tpril 12. Right testes of each male removed for histological study. 

{pril 19. Animals in excellent condition, fur sleek and thick. No 
appreciable difference except for general increase in size of thymus- 
fed animals. 

WVicroscopical: ‘Testes (hypophysis-fed rats six weeks old) re- 
moved April 12. The tubules are filled with spermatogonia and sper- 
matocytes. An occasional spermatid is seen. Section from rat re- 
ceiving no gland substance shows the same finding. Sections from 
the testes of the thymus-fed rats show spermatogonia, spermatocytes 
and many spermatids. 

Sections of testes of hypophysis-fed and control rats taken at 
autopsy all show active spermatogenesis and fully developed organs. 
Similarly the female sexual organs of all animals show fully de 


veloped organs. 
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TABLE XV 
(LITTER 9) 


Born Feb. 27, 1917. (Seven animals.) 
Feedings begun Mar. 17, 1917. 18 days old. 
Animals killed May 6, 1917. 68 


Duration of experiment, 50 days. 


138 
sizi2 | 83 
=| 5) 8 | 
= 
F. Hypophy sis... |0.05) 14. 22.3\2 0.1 33. 41 46. 59. 76.5 | 448 
| | 
M. Hypophysis. ..|/0.05/14.3 25.6 31 6] 0.1 36.9 | 46.5 52.7 68.7 84.3 | 499 
M. | 0.1 39.8 | 50. 58.6 | 72.2 87.7 | 462 
M. | Thymus. 10.05 /14.1)26.1 31.8| 0.1 39.8 | 48.2 | 52. | 68. | 78.7] 458 
F. | Thymus..... 30.8] 0.1 39.8 | 50. | 57.5 71.6] 82.5 | 498 
M.  Control....... lo 0 29. | 87.2 | 48.8 | 52 8 | 63.5] 
F.  Control..... jo |13.826. 31.2] 0 36.6 44.5 51.2 61.4 | 74. 436 
TABLE XVI 
(LITTER 9) 
April 20. 
Body > May 6, 
Sex Feeding Tail length = removed | 
length testes testes 
F, Hypophysis...... 12.4 14.5 eee 
M. Hypophysis..... 12.8 15.4 0.54 0.938 
M. 12.9 15.8 1.555 
M.  Thymus..... 12.2 14.5 0.51 0.87 
F. Thymus...... 2.7 11.6 
M. 14.1 0.33 0.735 
F, Control,. 12.1 15 


Nores: March 28. Animals in excellent condition. The testes of 
the hypophysis-fed animals partially descended, of thymus-fed fully 
descended. Testes of control not felt. 

April ?. Animals in excellent condition; no differences in activi- 
ties. Fur of fed animals and control animals alike. The testes of 
the thymus-fed animals are slightly larger than those of the control 
animals. 

ipril 12. 

ipril 28. 
All are well nourished and active. 


Testes of each pair removed for microscopical study. 
The controls are smaller than the gland-fed animals. 
No differences can be made out 
in fur or genitalia. 

May 5. Rats seem well; no evidence of snuitles made out. Feed- 
ings as last noted. 

Vicroscopical: Testes from hypophysis-fed rats removed at six 
weeks of age show tubules completely filled with spermatogonia, 
spermatocytes, and an oceasional spermatid generally situated in the 
outer zone of spermatocytes. 

The testes of the rats fed no gland show similar findings. 
of testes of hypophysis-fed and control rats removed at autopsy 
show fully developed organs. Evidences of spermatogenesis are 
equally active in both. Ovaries, Fallopian tubes, uteri of the hypophy- 
The control animals 


Sections 


sis-fed animals show fully developed organs, 


show similar findings. 
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Fic. 4.— Photograph ol (1 ) livpophysis-fed 
male rat, weight 69 ems., (2) control male 
rat, weight 66.5 ems., of litter 2. 


Fig. 5.—Photograph of testes of (1) con- 
trol rat, (2) hypophysis-fed rat, of litter 
1. Weight of testis of control rat, 2.26 
gms., of hypophysis-fed rat 2.32 ems, 
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ic. 6.—Microphotographs of testes of (1) and (1A) hypophysis-fed rat, (2) and (2A) control rat of litter 9, showing no differences in sperma- 
togenesis after 35 days of feeding. 


— 
PLATE 
BANS 2 


JANUARY, 1921 | 


Born Feb. 23, 1917. 
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TABLE XVII 
(Lirrer 10) 


(Seven animals.) 


Feedings begun Mar. 16, 1917. 
Animals killed May 12, 1917. 
Duration of experiment, 57 days. 


22 
els 
Sex Feeding 
3 
als 
M. Control..... 24. 
 Control..... Oo 20. 
M. | Hypophysis.'0.0523. 


 Hypophysis. 0.0519. 
Thymus..... 0.0523. 
F. | Thymus..... 0.0522. 
F. | Thymus..... 0.0523. 


March 29. 
All have a 
Marked 


NOTES: 
vigorous. 
April 11. 


April 25. 


j 
o 
sie | 
= a 
+ 
= 

22. 32. 43.4 


18.5 22.8 29.6 
22. 33. 38.7 
16.5 27.5 34.6) 
21.731. 38.4 


2 


1 days old. 


78 


| 
| 


dent, Apr. 15 


& 
. . . | 
2/2) 

& 

0/52.5, 0/61. 72.187. | 0} 106. 
0185.6, 0/46.654.666.5) 0| 83.6 
0.1/45.1) 0 2/49. 66.880.8| 0.3] 107.1 

| 

0.1/43.8) 0.2|50.564.875.2 0.3) 89.2 

0.1/42.1, 0.2/57. 69.683.7) 106. 


20.534. | 0.1/44.9| 0.2| Killed, by acci- | 


gained 


Percentage 


21. 28.5 34.2) 0.1/88.1) 0.2/45.658.4)72.2 0.3) 91. 


Animals have done very poorly; not especially 
diarrhea. 


Testes not descended. 


improvement in condition of all animals, no 
diarrhea. Testes descended; no differences in genitals noted. 


in activity, fur or size noted. No snufiles. 


Gm. 


Weight 


20 


Animals observed daily since last note; no differences 
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Fie. 2.—Showing combined weight curves of hypophysis-fed and 
control male rats of litters 7-9, on unlimited amounts of mixed 


10 
Weeks, 


AGE 


Fig. 1—Showing combined weight curves of hypophysis-fed and 
control male rats of litters 1-6, on diet of mixed grains and bread 
and milk, fed in unlimited amounts. 


grains and equal amounts of milk. 


wor 


Weeks 


5 & 7 ¢ ” 
AGE 

Fic. 3.—Showing weight curve of hypophysis-fed and control male 
rat of litter 10, on balanced diet of purified casein, dextrin, salts 
and food accessories, given in equal amounts to each rat. 
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SYPHILITIC RUPTURE OF A PAPILLARY MUSCLE OF THE HEART 


By Epwarp D. and Wittiam C. Vox GLatn 


(From the Pathological Department, City Hospitals, Baltimore, Md.) 


The following is a case report of one of the rarer cardiac 
accidents. 

S. H. (6650M). colored, male, laborer, age 31. admitted and died 
March 23, 1920. 

H. and P. H.—Unessential except for a small venereal sore 
1905, and one miscarriage by wife. 

P. 1.—Following a three weeks’ attack of hoarseness 15 months 
lefore admission, the patient began to be noticeably dyspneeie and 
orthopneic, and developed a nocturnal cough with blood-streaked 
sputum. This subsided spontaneously, but returned more severely 
a year later, when he was admitted (o the University of Maryland 
Hospital, January 5, 1920, at which time the following data were 
recorded : 

P. B.—The heart was not enlarged to the right, but the apex was 
in the sixth interspace, 14 em. to the left, where an indefinite pre- 
systolie thrill was felt. There was a diffuse precordial heave. At 
the apex, the cardiac sounds were replaced by a well transmitted, 
blowing systolic and short diastolie murmur. At the base and 
down the sternum a short diastolic was heard, replacing the aortic 
second sound. The second pulmonic was accentuated. The pulse 


was regular, Corrigan in type. B. P. 130/50. 

Slight dullness was present at the extreme base of the right lung 
hehind, and the liver was three fingerbreadths below the C. M. but 
not tender. There was some adema of the ankles. 

Laboratory Findings. -Urine, S. G. 1011-33, negative for albumin 
ind casts. Phthalein excretion, 24 per cent first hour. Blood. 
Slight secondary anemia; Wassermann, + + + +. 

\-Ray Findings.—KEnlarged heart and aorta; clouding at the base 
of right lung. 

Course —Gradual restoration of compensation, with two minor 
remissions. Discharged February 27, 1920. 

Subsequent Course.—After discharge the patient gradually wen 
down-hill again, and after one month was admitted to the City 
Hospital for treatment. 

On admission he was moderately adematous, and dyspneic. His 
pulse was rather rapid, and collapsing in character but regular and 
of fair quality. He did not appear to be in a grave condition and 
was given a tub-bath on the ward. Seen immediately afterward by 
the ward physician, he complained of feeling badly. He was cyanotic, 
sweating, and very dyspnwic, with a very rapid, thin, weak pulse. 
He was wheeled to his bed, and three minutes later was frothing at 
the nose and mouth. His heart was found to be greatly dilated, 
chiefly to the left. Venesection was immediately done, strophanthin 
administered intravenously, and morphin and atropin given sub- 
cutaneously. The pulse became somewhat stronger, the respirations 
were slow and very labored with tracheal rhonchi,. The patient 


vas 
turned on his face and artificial respiration resorted to, but in spite 
of these measures he very shortly died. The blood Wassermann was 
subsequently reported as + 

Clinical Impression.—1\. Syphilis. 2. Aortic insufliciency (syphi 


litie). 3. Acute myocardial insufliciency with pulmonary cdema. 


Autopsy No. 1625. Anatomical Diagnosis.—Syphilis: syphilitic 


aortitis with involvement of aortic valve; aortic insufficiency; fibrous 


myocarditis; cardiac hypertrophy and dilatation; chronic passive 
congestion of viscera; cedema of legs; necrosis of posterior mitral 
papillary muscle with rupture; pulmonary edema. 

Heart.—The pericardial cavity does not contain an excess of fluid 
and its surfaces are smooth and glistening. On the anterior sur- 
face of the ventricles are several tendinous patches. The heart 
weighs 560 grams. The right auricle is slightly dilated. The fora- 
men ovale is closed. The right ventricle is hypertrophied and dilated. 
It measures 10 cm. from the tricuspid ring to the apex. The tri- 
cuspid and pulmonary valves are normal and their rings measure 
respectively 12 and 6.5 cm. in cireumference. The wall of the ven- 
tricle is 1 em. thick. 

The left auricle is hypertrophied and dilated. The mitral valve is 
thin and delicate and its ring measures 9 cm. in circumference, The 
cavity of the ventricle is much enlarged, measuring 12 em. from the 
mitral ring to the apex. The columme carne stand out prominently. 
The wall of the ventricle is 2 em. in thickness. The posterior (cr 
inferior) papillary muscle is Y-shaped, being divided into two 
large pillars. That pillar to which the chord tendinew from the 
right half of the aortic leaflet of the mitral valve are attached, has 
ruptured close to the point of the division (Fig. 1.) The fragment 
attached to the valve is yellowish white in color and the endocar- 
dium over it is smooth but opaque. The torn end is rough, irreg- 
wlarly conical in shape, and is covered with a firmly adherent clot. 
In the central portion there is still recognizable a core of muscle 
encireled by a yellow opaque ring, which lies just beneath the endo 
cardium. The stump is likewise covered with smooth endocardium 
and is opaque and quite yellow in color. The line of demareation 
is very sharp and is emphasized by a narrow zone of hemorrhage. 
The central part of this fragment is softened. The other pillar cf 
this papillary muscle and the anterior papillary muscle are covered 
with opaque endocardium, beneath which are a few petechiae. On 
section there are numerous vellow flecks and silvery grey streaks 
in these museles. The endocardium is thickened below the aortic 
valve and also over some of the columne carnewx, where there are 
many small subendocardial hemorrhages. The myocardium is 
greyish red in color and the muscle fibres are hypertrophied. In the 
wall of the aorta just above the attachment of the left posterior 
and the anterior leatlets of the aortic valve, is a large, oval, corru- 
gated plaque, which extends downward, involving these two cusps. 
The anterior half of the left posterior leaflet has been entirely 
destroyed, though the line where it was attached is still visible as a 
little ridge. The remnant of this cusp is moderately thickened. 
rhe left half of the anterior leaflet is also eroded but to a less extent. 
The margin of this cusp is thickened and rolled over. The aorti¢ 
ring measures 7 em. in circumference. 

The orifices of the coronary arteries are not encroached upon by 
the plaque in the wall of the aorta, and these arteries appear normal 


as far as they can be followed. 
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Vig. 2.—Levaditi preparation. 


Spirochwte at 


margin of the necrotic tissue. X 820. 
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Microscopic Examination.—The section is from the stump of the 
ruptured muscle. The central part is made up of a large area of 
coagulative necrosis in which is much nuclear dust, and about the 
margin of this necrotic area leucocytes have accumulated. Just 
eyond the leucocytes, the musele fibres are shrunken almost to 
threads and the striations and nuclei have disappeared in’ them. 
Small hemorrhages are found among these atrophied fibres. Next to 
these atrophie fibres is a zone of muscle fibres containing fat drop 
ets. In many of these fibres the nuclei are pyknotic; in others, 
the nuclei are large and hyperchromatie with irregular outlines. 
rhe blood vessels in this zone are greatly engorged. Here the pro 
cess ends abruptly. 

Beneath the endocardium is a small amount of hyaline materi: 
nto which a few fibroblasts are growing. A very few plasma cells 
ind small round cells are seen here. 

Che muscle jibres elsewhere are greatly hypertrophied and there is 
in in connective tissue. 

In Levaditi preparations a moderate number of spirochiwtes are 
found in the tissues just beyond the necrotic area (Fig. 2). 

The histological changes seen in the ruptured muscle differ in 
many respects from the classical picture of a gumma. In the area 
of coagulative necrosis, all outlivres of the preexisting tissue are 
completely obliterated. Neith there any epithelioid or giant 
ells. Accumulations of nuclear wandering cells are en- 
tirely wanting and *’: re capsule so commonly seen 
ihout gummats 


In a see x papillary muscle, there is atrophy 


with ! ue of the muscle fibres and hypertrophy of 
other vrrhages are found among the atrophic fibres. 
The co tissue is increased. There is no plasma or small 


round-ce'| infiltration. 
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Literature—Wankel, in 1911, reported a case of ruptured 
papillary muscle, and in a review of the literature found only 
four other cases. ‘Teacher the same year also reported a case. 
In all of these, the ruptured muscle was in the left ventricle. 

In four of the cases—those of Bertin, Dennig, Wankel and 
Teacher—there was sclerosis of the coronary arteries, and 
in two of these (Dennig, Wankel) there was thrombosis of 
these vessels. In the case of Corvisart, no mention is made 
of the condition of the coronary arteries, while in Legendre’s 
case they were normal. In none is there any reference to a 
syphilitic infection, but an ancurysm of the aorta was present 
in Bertin’s case. 

(‘onclusion—In case reported here, the Treponema 
pallidum was the etiological agent in the production of the 


neerosis of the papillary muscle which subsequently ruptured, 


We are indebted to The University of Maryland Hospital 
for the abstract of their history, and to Dr, E. TH. Terrill for 


the photograph. 


BIBLIOGRAPHY 
Wankel: Ein Fall von spontaner Papillarmuskelzerreissung. Dis- 
sertation, Giessen, 1911 (Lit.). 
Teacher: Case of Rupture of a Papillary Muscle of the Left Ven- 
tricle of the heart. Glasgow Med. Jour. 1911, LAXYV, 374-376. 


NOTES AND NEWS 


Dr. John S&S. Billings, Jr., is Director of the New York Tuberculosis 
\ssociation. 

Dr. Kenneth D. Blackfan is Professor of Pediatrics, University of 
Cincinnati, and Pediatrician-in-Chief, Cincinnati General Hospital. 

Dr. E. Bates Block is Professor of Neurology and Psychiatry, 
Atlanta Medical College. 

Dr. Arthur L. Bloomfield is Assistant Visiting Physician to The 
Johns Hopkins Hospital. 

Dr. George Blumer is Clinical Professor of Medicine at the School 
ot Medicine, Yale University. 

Dr. Harold M. Boweock is associated with Dr. J. KE. Paullin in 
work in Atlanta, Ga, 

Ir. H. Hays Bullard is Professor of Pathology, Western University 
Medical Sehool, London, Ontario, Canada. 

Dr. Montrose T. Burrows is Associate Professor of Experimental 
Surgery, Washington University Medical School, and Director of 
Research Laboratories, Barnard Skin and Cancer Hospital, St. Louis. 

Dr. C. N. B. Camae is Assistant Professor of Clinical Medicine, 
College of Physicians and Surgeons, Columbia University, New Yor; 
Medieal Director, Gouverneur Hospital of the Bellevue and Allied 
Hospitals, New York, and Consulting Physician to the City and to 
St. Andrew’s Hospitals. 

Dr. C. Mactie Campbell is Professor of Psychiatry, Harvard Medi 
cal School, and Director of the Boston Psychopathic Hospital. 

Julian Chisolm is in private practice in Baltimore. 

nest K. Cullen is Attending Gynecologist in charge of the 
nt, Harper Hospital, Detroit, and Acting Head of the 
nt of Gynecology in the Detroit College of Medicine 


gar E. Duncan is Assistant Resident at the Hospital fe 
f Maryland, Baltimore. 


Dr. William A. Fisher, Jr., is Associate in Clinical Surgery, The 
Johns Hopkins Medical School. 

Dr. Henri Flournoy is a lecturer (Privat-docent) of Psychopath- 
ology of the Faculty of Medicine of the University of Geneva. 

Dr. Hildegarde Germann is practicing medicine in Quincy, Illinois. 

Dr. David K. Henderson is the Deputy Physician-Superintendeat 
of the Glasgow Royal Asylum, Gartnavel, Scotland. 

Dr. J. Gardiner Huck is Examiner of the Medical Department of 
the Textile Benefit Association, LaGrande, Ga. 

Dr. Henry Hun is in private practice in Albany, N. Y. 

Dr. Stewart V. Irwin is in private practice in Oakland, California. 

Dr. Carl F. Jordan is connected with the Yangchow Baptist Hes- 
pital, Yangchow, China. 

Dr. J. Edwards Kerney is Director of Venereal Diseases for the 
State of Rhode Island, and is located in Providence. 

Dr. Dabney Kerr is at the School of Language, Peking, China, 
under the Presbyterian Board of Foreign Missions. 

Dr. J. H. Kite is Resident Surgeon, University Hospital, and tn 
structor in Surgery, University of Georgia, Augusta, Ga. 

Dr. Fred H. Kruse is Instructor in Medicine, University of Cali- 
fornia Hospital. 

Dr. Frederick H. Linthicum is in private practice in Los Angeles, 
California. 

Dr. Kenneth F. Maxey is Director, Kansas State Publie Health 
Laboratory, Topeka, until January 1, and after January 1 Rocke- 
feller Scholar at The Johns Hopkins School of Hygiene and Publie 
Health. 

Dr. Charles W. Mills is Medical Director, Tueson, Arizona, Sana- 
torium, Tueson. 

Dr. W. L. Moss is Assistant Professor of Preventive Medicine and 
Hygiene, Harvard Medical Sehool. 

Dr. 1. W. Nachlas is in private practice in Baltimore, 


32 JOHNS HOPKINS HOSPITAL BULLETIN 


Dr. Ralph E. Powell is Associate Genito-Urinary Surgeon at the 
Montreal Genera! Hospital, Montreal. 

Dr. George H. Preston is First Lieutenant, Medical Corps, U. S. 
Army, Pacific Branch, U. 8. Disciplinary Barracks, Aleatraz, Cali- 
fornia. 

Dr. Alexander Randall is Associate in Surgery, University of 
Pennsylvania Medical Department, Philadelphia. 

Dr. Augusta R. Seott is in private practice in New York City. 

Dr. Ralph B. Seem is Director, Albert Merritt Billings Hospital, 
Chicago, and Hospital Consultant for the State School of Medicine 
for the State of Kansas. 

Dr. Andrew W. Sellards is Assistant Professor of Tropical Medi- 
cine, Harvard Medical School, Boston. 

Dr. W. G. Sexton is on the Surgical Statf of St. Joseph’s Hospital, 
Marshfield, Wisconsin. 

Dr. Henry N. Shaw is in private practice in Los Angeles, Cali- 


fornia. 


[No. 359 


Dr. J. Morris Slemons is in private practice in Los Angeles, Cali- 
fornia. 


Dr. F. 
Hospital, Detroit. 


Janney Smith is Assistant Chief Physician, Henry Ford 


Dr. Richard P. Strong is Professor of Tropical Medicine, Harvard 
University Medical School, Boston. 

Dr. Margaret Tyler is Resident in Obstetrics and Gynecology, New 
Haven Hospital, New Haven. 

Dr. Karl H. Van Norman is First Assistant Superintendent, The 
Johns Hopkins Hospital. 

Dr. William C, Von Glahn is Instructor in Pathology, College of 
Physicians and Surgeons, Columbia University, and Resident Pathol- 
ogist, Presbyterian Hospital, New York. 

Dr. Milton C. Winternitz is Dean, as well as Professor of Pathol- 
ogy, in the Yale University Medical School. 


NOTES ON NEW BOOKS 


By Sin JAMES Purves STEWART, 


The Diagnosis of Nervous Diseases. 
(New York: E. B. Treat 


M.D. Fifth Edition. Cloth, $11.00. 
Co., 1920.) 

This edition follows the arrangement of the previeus one pub- 
lished four years ago. The chapter titles are based on anatomic and 
physiologic divisions of the nervous system (with the two exceptions 
of Aphasia and Brain Tumor) instead of on disease groups, thus per- 
mitting reference to various chapters—for instance, those dealing 
with all disturbances of incoordination, changes in cerebrospinal 
fluid, or organic motor paralysis of the lower neurone type. 

This grouping of signs and symptoms corresponds with the correct 
thought processes in diagnosis. It is convenient for the neurologist, 
and should be a stimulus to the student to study a case-problem free 
from the pigeonholing constraint of disease groups. 

The chapters on reflexes are well illustrated with methods of elicit- 
ing them, and the exposition of the electro-diagnosis and electro- 
prognosis is unusually full and clear (13 pages). The use of the 
condenser, popularized during the war, is explained; the fact of 
formula reversal in RD is certainly disputable, and its value as a 
phase of RD would be denied by some. 

The illustrations are excellent, nearly 300 figures, and the charts 
are good, especially those in the sections on Anatomy and Physiology 


(Chapters 1 and 2). 


The index is adequate. ‘The book belongs among the few first-class 


ones on its subject. 


Diagnosis and Treatment of Brain Injuries. By WILLIAM SHARPE. 
(Philadelphia and London: Lippincott Company, 1926.) 

The monograph deals entirely with the ivtracraniai complications 
of skull injuries. The author first describes his uperative methods 
(without giving credit to his preceptors) and then reports case after 
case of acute and chronic brain injury. The case reports are long, 
and many of them are not of enough interest to hold the reader’s 
attention. The last section deals with birth trauma and is of con- 
siderable importance, for the author has collected a large number of 
cases which he has treated with varying success. V. R. M. 
Studies in Neurology. In two volumes. By Henry Heap. Cloth, 

$17.00. (London: Henry Frowde, 1920.) 

The two volumes contain the studies on sensation by Henry Head 
and his associates. They represent the result of many years of 
wearisome and painstaking clinical research. No review of the 
subject matter is necessary, for the studies are well known to all who 
are interested in the advancement of medical diagnosis. The mono- 
graph is a milestone in the progress of neurology and a credit to its 


author. V. R. M. 
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pages. 


Price, 75 cents. 


94 pages. 


are now on sale by Tuer JoHn’s Hopxins Press, Baltimore. 
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